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Of HYDROSTATICS; OR THE EFFECTS WHICH ARIS2 
FROM THE GRAVITY OF FLUIDS, 

AFLUID is a body whofe parts readily yield a 
to any impreffion, and in yielding, are eaiUy 
moved amonffft each other. 

The caufe of fluidity is not perfeftly. known, b 
ScKne are of opinion that theparticlcs of fluids afc 
Ipherical, and, in confequence of their touching 
each other in few points, cohere very (lightly, and 
eafily flip or Aide over each other. But that the 
particles of fluids are of the fame nature or figure 

Vol* II. B as 



2 CAVSS Of tLUIDITY, 

as thofc of foHds, feems probabk^ from the very 
frequent converfion of the one into the other. It 
does not feem rational to fuppofc that the particles 
of gold, lead, glafs, &C. when in fulion, are ren*» 
dcred fpherical by the aftion of the fire, and when 
that aftion ceafes, tliat the particles refianme their 
former figure, as the bodies become folid by cool- ; 
ing. Neither can we eafily imagine, that th? 
particles of water are changed by cold, whea k 
becomes a folid and brittle lump of ice, and are 
again reinftated in their original form, when the 
ice, by diflfolution, is again turned to water. 

The original caufe of fluidity, then, does not 
appear to confift in the figure of the particles, 
but fimply in their want of cohefion. 

If the particle'^ of a body cohere ftrongly toge- 
ther, it is evident that they will not eafily move 
amongfl: each other. An imperfeft cohefion mull 
therefore be one of the properties of a fluid mafs • 
and that the fmallnefs of the particles .is requifite 
to fluidity, will appear by confidering, that the fur- 
face of a body compofed of finalL particles mufl: be 
much more fmooth and even than the furfaoc of a 
body compofed of larger particles.: that two flat 
bodies may be conceived to confift of particles fo 
fmall, that their furfaces fliall differ infenfibly from 
perfeft planes : that thefe bodies, if placed on each 
other, will Aide without the leaft fenfible friftion : 
and that if the particles of thefe bodies thus placed 
on each other be, by any means, deprived of the 
whole, or the greateft part of their cohefion, the 

bodies 
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PRESSURE OF riVlDS, ^ 

bodies will hot only Aide an each other in the jdk 
mentioned plane, but the parts of the mafs wiU alfi> 
Aide on each other in any other direftion whatfoever. 
Confequently they will readily yield to any imprei^ 
fion, and in yielding, be eafily mored amongft each 
«ther I that is^ they will conftitute a fluid mafs. 

But the enquiry^ wherein coilfiil:^ that change i 

which bodies undergo when their confiftency is al- 
tered (b as to make them aifume a fluid form, either 
denfe and almofl: inctompreflTible, or vaporous and 
daftic, belongs not to this place, but to chcmiftry. 

That fcicnce, which treats of the e£Fe6ts ariling r 
from the weight of fluids, is called hydroftatics. 

The parts of fluids are heavy; btit becaufe the o 
upper parts reft upon, and are fuflained by, the 
parts beneath, and becaufe, by the property of 
jluids, the parts are readily moved in all directions, 
upwards as well as downwards, they do not at firft 
cpnfideration appear to be heavy. 

The bottom of an upright prifmical or cylin*« u 
drical veflel is prefled by the whole weight of the 
fluid contained i and as the weight of the fluid is in 
proportion to its height, fo is likewife the prcfliire. 
Thus, in the cylinder a b (fig. 1 14.) when filled to 
c, the bottom is preflTed by, or fuftains a ceruixi 
weight, fuppofe one pound ; if it be filled to Oj 
the prefllire becomes two pounds ; if to a, three 
pounds, &c. the heights betv^eeq B, c, d, and a 
being fuppofed equal. 

The whole of any fluid niafs may be imagined to I 
conliil of a number of colurpn$ of an inconflder^ 

B 2 abk 



*'4 i^llESSURE OF FLUIDS. 

J able thiGkhefs, ♦which ftand perpendicularly on the 
<bafe' of the containing veflel, and prefs^ the fame 
■^J9ith their refpeftive weights. The prefllirc> then 
-if the height remain' the fame, is as the number df 
.columns, and this number- is as the; area of the 
K bafe» Confecfucntly in -veffels whofe bafcs differ 
as to arcai , apd which con taii\ fluids of the fame 
denfity, but different heights, the preffure will be 
.in the compound ratio of die bafes and heights^; 
that is, in numbers, as the area of the bafe multi- 
plied by the height of die fluid in one veiTel^ is tp 
.the area of the bafe multiplied by the height of the 
fluid in the other vefTel, fo is the preffure fuftained 
by the bafe of the one to the preffure fultained by 
the bafe of the other vefTeh 

L In like fituations, the preflures of fluids will be 
as their denfities. 

U The deniSies being difcoverable moft readily by 
the different weights of bodies of the fame bulk> 
''' *the comparative denfities of bodies are therefore 
' called'their fpecific gravities.. 

*ir If the columns of which a fluid mafs was flip- 
' pofed to confifl (3, i) were formed of particles 

* lying ill perpendicular right lines,, the preffure of 

* the iftuid would be exerted on the bottom of the 
' veffel only ; but^ as they are fituated in every irre- 
^ gular pofition, there mufl, ' of confequence, be a 
' preffure exerted in every direftion ; * which pref- 
fure mufl .be equal at equal depths. For if any 
part of the whole mafs were not equally pre'lTed 

" on all fides, it would move* towards the fide on 

* - • which. 
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PRESSURE OF FLUIDS. 5 

which the preffure was leaft ; and would not be- 
come quiefcent till fuch equal preffure was obtained. 
The quiefcence of the parts of Auids is therefore a 

proof that they are equally preffed on all fides. 

» " • • ' 

On this account it is,, that fluids^ as far as they o 
are not prevented by external accidents, always con- 
form their upper furface to the plane of the hori- 
zon. ' For if any column or part of the fluid be 
elevated above the reft, it will defcend partly by 
finking into the* fluid, and partly by its lateral pref- 
fure, that will caufe it to ipread fideways over the 

furface, till it becomes uniformly of the fame height, 
• . ' • 

or horizontal. » 

The equal preffure of fluids in every diredtion, l^ 
being underftood, may be' applied to account for 
many phenomena that happen to them in different . 
circumftances ; fome of which are the following. 

The horizontal bottoni of a veffel is preffed by, q^ 
and fuftains no more nor lefs than the weight of a 
column of the fluid it contains, whofe bafe is the 
bottom itfelf, and .whofe height is that of the fluid. 

In the veffel e c d f (fig. 115.) the bottom c d . r 
fuftains no more than the column a b d c. For the 
Other parts of the contained fluid can onlyprel^ 
the column a b d c laterally, and therefore contri- 
bute not at all to the increafe of the weight or pref- 
fure on the bottom c d ; but reft intirely on the fides 
^c and FD. 

Alfo in the veffel ecdf, (fig. 116.) the bottom 
^ F fuftains a preffure equal to the weight of a 
columa whofe bafe is e f, and height equal to c a. 

33 for 



6 HYDROSTATICAL PARADOX, 

For the preflure at a b is equal tp the weight of 
the column a b d c, and its lateral preflure, which 
h equal to the fame weight, muft caufe the parts 
between e a and b f to prcfs the bottom with *an 

. .equal force in proportion to the furfaces they cover, 
Confequently, the efFeft will be the fame as if the 
whole fluid were of the height c a. 

rr From thefe two cafes combined, the reafon is 
^vident> why fluids contained in the feveral parts 
of veflfels, (fig. 117.) remain every where at the 
fame height. For the loweft part where they com- 
municate, may be regaided as the common bafe ; 
and the fluids, which reft thereon, are in equilibrio 
then only, when their heights aj-e equal, however 
their quantides may vary. 

p The hydroftatical paradox, as by fomc it is cal- 
led, depends on the equal preflure of the parts 
of fluids every where at the fame depth. It is this. 

y Any quantity of fluid, however fmall^ may be 
made to counterpoife and fuftain any weight, how 
large foever. 

^ Let APBG (fig. 1 1 8.) reprefent a cylindrical 
veflel, to the infide of which is fitted the cover c, 
which, by means of leather at the edge, will eafily 
flide up 3^4 down in the internal cavity, without 
permitting any water to pafs between it and the 
furface of the cylinder. In the coyer is inferted 
the fipall tube cf, open at top, and commu- 
nicaring with the infide of the cylinder beneath the 
cover at c. The cylinder is filled with water, and 
the cover put on. Then, if the cover be loaded 

With 



HYDRdSTATICAL PARADOX. J 

with the weight, fuppofe of a pound, it will be 
deprefled, the water will rife in the tube to £, and 
the weight will be fuftained. If another pound be 
added, the water will rife through an equal Ipace to 
r, and the weight will ^ fuftained, and fo forth, 
accordmg to the weight added, and the length of 
the tube. Now, the weight of the water in the tube 
is but a few grains ; yet its lateral preiTure fervcs to 
fuftain as much as the weight of a column of water, 
jwhofe bafe is equal td that of the cylinacr, and 
height equal to that in the tube. Thus, the column 
E c produces a preffure in the water contained in 
the cylinder, equal to what would have been pro- 
duced by the column a ado '; and, as this preffure 
is exerted every way equally, the cover will be 
preffed upwards with a force equal to the weight of 
a ado: confequently, if a ado would weigh a 
pound, E c will fuftain a pound : and the like is 
true of other heights and weights. And by dimi- 
nifhing the diameter of the tubo, any quantity of 
water, how fmall foever, will, in theory, fuftain any 
weight, however large. 

The fame may be fliewn more fimply thus : 
Let AGBD (fig. 119.) reprefent a hollow cylin- 
der, and MN a cylinder of wood, which nearly fills 
its cavity. In the cylinder, fuppofe a litde water, 
whofe furfz^ce is gb j then, if the wooden cylinder 
be put into the hollow one, the water will rife be- 
tween the furfaces to a and d, and the wood will be 
fuftained floating. The nearer the wooden cylinder 
approaches to the fize of the cavity, the Icfs water 

is neceffary for the experiment. 
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CHAR IL 

eONCERNtNG BODIES IMMER.SED IN FLUIDS, ANB 
THE METHODS OF FINDING SPECIFIC GRAVI- 
TIES. 

y T F a folid body be plunged m a fluid, it will be 
X preffcd on all fides, but not equally. Let 
PBEC (fig, 1 20.) reprefent a folid prifmatic body, 
immerfed, with its axis vertical, in the fluid con-r 
taine4 in the yeflTel f g i h, then the fides p c and m 

X will be . equally prcflied ; the upper fiirface d b 
will be preffed with the weight of a column, whofe 
bafe is d b, and height a p, s^nd the , under furface 
will be prefled upwards with a force equal to the 
weight of a column whofe height is a c (4, n), The 
body will therefore be impelled upwards by a force 
equal to the excefs of a c above a d 5 that is^ equiva- 
lent to the weight qf a column of the fluid whofe 
length is d c, the bafe being all ^ong fuppofed to 

^ be unvaried. ' AYhcnce it appears, that every prifin^ 
whofe axis is perpendicular to the horizon, will, 
if it be totally immerfed in any fluid^ be im- 
pelled upwards by a force which is equal to the 
weight of a quantity of the fluid of the fame bulk 

A with the prifin. An4 fince any folid whatfoevef 
may be conceived to be formed of an indefinite 
number of fuch prifms, it is evident that the 
rule is true of all bodies^ without reipedl to figure. 

But 



BODIES IMMERSED IK FLUIDS. f 

But as tdl bodies, by the force of gravity, tend ^ 
downwards, it depends upon the abfolute weight 
of the immerfed body, whether it ihall afcend or 
defcend. If the weight of the body exceed that 
of an equal bulk of the fluid, the excefs of force 
t^nds downwards, and it will defccnd ; but, on the 
contrary, ^f the weight of the body be lefs than 
that of an equal bulk of the fluid, the above^ 
jFflfentioned preflure'^^ill prevail, and it will aicend; 
tf both be precifely equal, the body will reniaia 
at reft any where in the fluid, 
' Thefe things being confidered, it appears that c 
any body, how heavy Ibever, may be made to 
fwim, or any body, how light foever, to fink, if 
ineans be ufed to keep off the preflure of the fluid 
from ^he one or other fide, as circumft:ances require : 
for, if ADBK be fuppofed to reprefent an open d 
tube, inftead of a column of the fluid, and the 
body D B c E be applied clofely to its lower orifice, 
fo that the fluid may not enter the tube, the pref- 
fwe on DB will be taken off^, and confequently 
the body will be preflTed upwards with a force 
equal to the whole column ac. If that column 
be of fufficient length, that is,: if the body be 
immerfed fufficiently deep, the preflure will exceed 
the gravity of the body, arid therefore fuftain it. 
In the fame manner, if m be a body applied to e 
the open end of a tube, which is clofed at n, 
the inferior preflure being taken, off, the body will 
not rife, however light, but remain immerfed, by 
fneans of the preflfure on the fuperior furface. 

When 



lO FLOATING 90DXZS. 

When a body floats at the furface of a fluids 
the quantity of the fluids difplaced by the part 
immerfed^ is equal in weight to the floating body. 
For fihce the body prefles downwards with its 
whole weight, it muft fink till the preflure, which 
the fluid exerts upwards, is equal to that weight. 
In this fituation, fuppoie the fluid to be con* 
gealed, and the folid then removed : a cavity 
will be left in thi fluid conelponding in form 
and magnitude with the immerfed part of the 
folid. Imagine this cavity be filled with aquan- 
tity of the fame fluid, fo that its furfacc may be 
level with the refl:, and the whole fluid thca 
thawed. The fluid which occupies the place of 
the folid will then be preflcd upwards with a force 
equal to that fuftained before by the folid, namely, 
equal to the weight of the folid. But it is not 
moved by that force, for the furface muft conti- 
nue level (5, o), as before the thaw. The laft 
mentioned quantity of fluid muft therefore prefs 
downwards with an equal force. That is to fay, 
the weight of a quantity of fluid equal in bulk to 
the immerfed part of a folid which floats on its 
furface, is equal to the whole weight of the folid. 

By the fame argument, it follows, that "if a 
floating body be loaded with weights, fo as to 
caufe it to fink deeper in the fluid, the additional 
parts immerfed will in bulk be equal to, or dif- 
place, parts of the fluid, whofe weights are equal 
to thofe the floating body was loaded with. 

Since 
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m 

Since bodies of equal bulks will lofe the fame M 
quantity of abfolute weight when immerfed in fluids 
of equal denfity, it follows obvioufly, that the 
bulks of bodies are in proportion to the lo(s of 
weight they fuftain by immerfion in a' given fluid. 
Whence we have an exaft method of determining 
the bulks of bodies whofe weights arc known, and 
from thence finding their fpecific gravities. For, 
.As the bulk of one body, or the weight it lofcs 

by immerfion. 
Is to its mafs of matter, or abfolute weight, 
So is the bulk of any other body, or the weight 

it lofes by immerfion. 
To the mafs of matter, or abfolute wei^t, it 
would have had if of the fame Ipecific gravity 
with the firft body. Which weight laft found 
being compared, with the real weight of the 
latter body, fticws the proportion of their Ipe- 
cific gravities. 
For example ; if 34 oz. of lead be weighed in i 
water, and the diminution be 3 oz. and 15 oz. of 
^in be alfo weighed in water, and the diminution 
,appear 2 oz. it is required to determine the pro- 
portion of their fpecific gravities. For which pur- 
pose, 

M the diminution in the lead 3, is to its weight k 
34, fo is the diminution in the tin 2, to the 
9veight of a mafs of lead of the fame bulk 22 *- oz. 
vrhich is to 15 as the fpecific gravity of lead is to 
^at of tin, that is to fay, in lower terms, nearly 

;^ 111 tp7'- 

But 
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h But it is more ufual and convenient to make 
rain-water the ftandard, and refer the other fub- 
ftaiiccs to it : thus, in the inftances juft mentioned, 
the weight of a mafs of water equal in bulk to the 
lead is 3 oz* lead is therefore to water as 34 to 3„ 
orasiiTtoi, and in like manner, tin is to water 
as 15 to 2, orasyi tp i. 

M When the folid is lighter than the fluid in which 
it is weighed, an additional body of greater den- 
fity may be joined to it t for inftance, fuppofe a 
piece of cedar-wood, weighing 92 dwts, were re- 
quired to he weighed ; join to it, by means of a 
fmall hair or thread, a piece of lead, whofe weight 
in water is known, and weigh them imrperfed to- 
gether. The lead will then ^pear to weigh lefs 
by 58 dwts. than it did without the addition of 
the cedar -, from whence it is evident, that the ce- 
dar is impelled upwards by a force that exceeds 
its "own weight by that quantity, or, in other words, 
that a quantity of water, equal in bulk to the 
cedar, will weigh 92 + 58, or 150 dwts, confe-r 
quently the ipecific gravities of water and cedar 
are in proportion as .150 to 92, or in lower terms, 
as I to i% nearly- 

N In this experiment it is neceflary firft to fmcar 
the wood lightly with fome .fat . fubftance, other- 
wife, the water will be inibibed by the wood, and 
will render it fpecifically heavicj; than before. In 
faft, wood is not fpecifically lighter than water, 
but by means of the air-yeffcls which run through 
its fitbflance. 

The 
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' IFhe bcft method to difcover the fpccifie gravi* o 
ties of fluids is> to ^wcigh the- fame fi>bftance in dif- 
fercnt 'fluids ;- and becaufe the diminutiori k'fuflTers 
in weight is equal to the weight of a quantity 

' 'of the fluid of the fame bulk, we theihie obtain 
the weights of equal quantities of different fluids, 
and the fpecific gravities are- as thofc weights; 
thus, if a piece of glafs weighed in the concentrated 
acid called oil of vitriol, lofe 85 grs. and when 

"weighed In water only 40 grs. their Ipecific gra- 
Tities will be as thofe numbers, or in lower terms, 

as 21 7 to 16. 

The hydrometer, or infl:rumerit tiiually applied p 
to find the fpecific gravities of liquids, is con- 
ftrufted as follows : a b (fig. 121.) is a tube 
of glafs, joined to a hollow ball c, at the bot- 
tom of which is a fmaller ball d. In the cavity 

' D is placed a quantity of quickfilver, by which 

*the inft:rument is fo poifed, that it Iwims in 
proof Ipirits of wine immerfed to the point m. 

" A quantity of proof ipirits equal in weight to 
the whole inftrunSent, will therefore be equal in 

^ bulk to the immerfed part (10, f.) If it be im- 
merfed in another liquid, whole fpecific gravity 

' is' greater, it 'will fwim with the tube' higlier out 

' of the water, fuppbfe to the point b. Then the 

' weights of the quantities difplaCed remaining the 
fame,, their bulks will*bd as the immerfed parts of 
the hydrometer, and the fpecific gravities of the 
fluids will be inverfely as thoTe bulks. The 
proportion which any length of the tube bears to 

the 



14 



KYDROMSTEHi 



the whole bulk of the inftrumcnt being knowi^ it 
will not be diificult to graduate the tube fo as to 
indicate the fpecific gravities by inipeftioa. But 
this however is fcarcely ever done. 

Q^ This inftrument is very confined in its ufc. For 
if the liquors diflFer confiderably in fpecific gravity, 
they exceed the limits of the graduation: thus 
the hydrometer, adapted for Ipirits, will fwim 
in water with, part of the ball above the fur- 
face ; and ' if it be adapted to water, it will not 
fwim in fpirits at all. It is true, this may be 
remedied, cither by lengthening or widening 
the tube: but the firft is inconvenient, and the 
latter would niake the graduations fo fhort, as to 
render them of litde ufe. 

R To make this inftrument of more fervlce, there 
has been added a litde plate or dilh dd (fig. 122.) 
at the top of the tube, upon which may be placed 
weights, as convenience requires. For example, 
if the whole inftrument float immerged in Ipirits 
to the point m, it will require an additional weight 
to fink it to the fame depth in water. Suppofe the 
inftrument to weigh 10 dwts. and to be adjufl^d to 
redtified ipirits of wine, it will then require the 
addition x A dwt. to fink it to the fame point in 
water. Confequendy it appears, that the Ipecific 
gravity of water is to that of fpirits of wine as 1 1 rV 
to 10, or In lower terms, as i to tA. 

s This is the beft hydrometer, both in relpeft to 
cxaftnefs and facility in pradtice. The inftrument 
ufed by the officers of Exciie, is very well adapted 

for 
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for its purpofe, which is more confined : it differs 
fxocn that here defcribed, by having its additional 
weights fcrewcd on at a Item at b. Thefe inftru- 
meats are ufually of copper. 

An attempt has been made * to adapt the hydro- t 
meter to the general purpofe of finding the fpccific 
gravity, both of folids and fluids (fig. 123.)^ a is a 
hollow ball of copper; b is a diih affixed, to the 
ball hy a (hort flender ftem d ; c is another difh 
affixed to the oppofite fide of the ball by a kind 
of flirrup. In the inftrument aftually made, the 
ftem D is of hardened fteel, Vv of an inch in dia- 
meter, and the difh c is fo heavy as in all cafes to 
keep the ftem vertical, when the inftrument is made 
to float in any liquid. The parts are fo adjufted 
that the addition of 1000 grains, in the upper 
difh B, will juft. fifh it in diftilled water, at the 
temperature of 60^ of Fahrenheit's thermome- 
ter, fo that the furface fhall interfeft the middle 
of the ftem d. Let it now be required to find the 
Ipecific gravity of any fluid. Immerfe the inftru- 
jfnent therein, and by placing weights in the difh 
B caufe it to floaty fo that the middle of its ftem 
D (hall be cut by die furface of the fluid. Then, 
as the known weight of the inftrument added 
to 1000 grains > is to the fame known weight 
added to the weighty ufed in producing the laft 
equilibrium : fb is the weight of a quantity of di- 
fl:illed water difplaced by the floadng inftrument ; 
to tho weight of an equal bulk of the fluid under 

* By the Author of this work. 

confideration. 
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confidcration. And thefc weights ghrc the ratio of 
the fpecific gravities (4, m). Again^ let it be 
required to find the Ipecific gravity of a folid 
body lefs than 1000 grains. Place the inftrument 
in diMJOed water, and put the body in the dilh b. 
Make the adjuftment of finking the inftrument 
to the middle of the ftenn, by adding weights in 
the fame difh. Take thofe weights from ioob 
grains, and the remainder will, be, the weight qf 
die body. Place now the body in the lower diih 
c, and add more weight in the upper dilh b, till 
the adjuftment is again obtained. The weig^f laft 
added will be the lofs the folid fuftains (8, z, a) 
by immerfion, and is the weight of an equal bulJt 
of water. Coilfequently the Ipecific gravity of the 
folid compared with .water, is as its weight to the 
lofs it fuftains by immerfion. ^ 

This inftrument was found to- be fufficiently ac- 
curate to give weights true to lefs than ohe tweri- 
tieth of a grain. 

Experiments concerning fpecific gravities are 
moFe difficult to be made with accuracy than au- 
thors in general feem to ihiagine. For we ofte^i 
fee: tables' of Ipecific gravities carried to four, five, 
arfd even fix places of figures i whereas a difierence of 
a few degrees in the temperature of the water will 
change the fourth figure. In different j^^ecimens 
of the fame wood, the fpecific gravities will vary 
iif the third figure, as will alfo metals caft out 
of the fame melting, but cooled more quickly or 
(lowly 5 alxi thefe alfo are alterable by hammer- 
ing. 



kig** Natur^J and artificialxdrnpounds have like- 
Wife great varieties of denfity in tfie fcveral fpeci* 
tnens denoted by the lame name^ 

A Table of Specific Gravities, .extra£bd fronii w 

various Authors* 

Naaiet^ Aathors. 8p. GrvHtj* 

i^Iatina *- - ^ Kirwan "^ 23«ooo. 

Gold - -" .* Mufchenbroek 19.238 to 19.640 

Gold ftaildard of George II. Mufchenbroek - >7*i5^ 



Silver 

Co^er 

Sted ibft 

Steel elaftic ^ 

Iron b^ 

Lead • • 

Till 

Mercnry 

Zink . 

Regttltts 6f antimony 

Regultfs of arfenic '^ 

Biixnttth 

Cobalt^, the regulus' 

Nickel -. * ^ 
Regulus of manganefe 
Wolfram* the regulus 
Common brimftone 
Fine glafs * 

Plate glaft - 
Plate glafs 



Kirwan^ Mufchen« 11. 09 1 

Kinvan - . 8.7109.300 

Mufchenb. - 7«738 to 7.8955 



^ Mufchenbroek 

- Mufchenbroek* 
« Mnfchenbroek - 

* M^^fchcnbroek 

* Mufcheinbroek 
i» Kirwan " 

- Kirwan 

- Kirwan 

- Kirwan 

* Kirwaa 
.- EiJwan- 

- Kirwan- 

- f DeLuyart -. . 

* Mufchenbroek 

- Mufchenbroek 
" Mufchenbroek 

* B. Martin - - 



Greenglafs for retorts^ 8ccl Mufchenbroek 



7.809 
7.60107.875 
11.22610 1 1.4.79 
• 7.000 to 7.450 
i^«55 to 14411a 
6.9 to 7.24 * 
6.860 > 
8.310 
9.6 to 9.7 • 

T . 7.7 > 

7.421 109^006 ' 

6,85a . 

' • tyjS I 

3.15010 3.380 • 
2.88« \ 

2.6ii9 



• Experiments frequently repeated by the Author have 
ihewn the fpecific gravity of two nearly equal fmooth cy- 
linders of lead, call out of the fame fufion were fpecifically 
in weight to each other as 11 38 to 11 25. 

t A cjiemicalanalyfis of wolfram* London, 1785. 

Vot. II. C Crown 
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Namefl. 


Authors. 


Sp. Gravity. 


Crown glafs 


B. Martin 


. 2.5» 


White flint 


B. Martin 


j;29* 


White flint 


« 


3.216 


Denfe glafs for achromatic 




•r • 


ufes 


• 


3-437 


The concave of an achro- 


^ 


^ te 


matic lens 


•to m 


3-436 


Calcareous fpar (calx aera- 






ta) fioxnr the fame piece 


r 


2.711 to 2.726., 


Ponderous fpar or barytes 




. 


vitriolata 


- 


4-'474 ". 


Quartz' 


Mufchenbroek 


2.763 


Rock cryilal 


Mufchenbroek 


2:650^ 


'Diamond 


Mnfchenbroek 


3.466 to '3.654 • 


Rain-water 


tf- m 


1.000 '• 


DifHUcd water -» 


Mufchenbroek 


0*99^- 


River water * 


Mufchenbroek 


♦1.009 ' 


Sea water 


Mufchenbroek 


1.030- 


Saturate fcrlution of fea-falt 


Mufchenbroek 


-- 1.244-' 


Concentrated vitriolic acid 


Bergman 


- " 2.125 


Concentrated nitrous acid - 


Bergman 


. ' 1.580 


Concentrated muriatic acid 


Bergman 


I.IJO 


Concentrated fluor acid 


Bergman 


1.500 


Oil of amber • 


Mufchenbroek 


- " 0.978- 


Oil of fweet almonds 


Mufchenbroek 


0.928 


Oil of olives 


Mufchenbroek 


.^ 0.913 


Naptha 


Mufchenbroek 


0.70S 


Rectified fpirit of wine 


Mufchenbroek 


0.866 


Akohol - 


Mufchenbroek 


0.815 


Ether^-^ 


Mufchenbroek 


' 0.732' 


Air at the earth's fur&ce • 


Mufchenb. o.ooi| to 0.001^ 


Air. Barometer at 30 In. 






Thermometer 32**. 


Atwood 


0.001279^ 
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CHAP, lit 

OF THE MOTION OF FLUIDS WHICH ARISES FROil 
TH£ PRESSURE OF THEIR SUPERINCUMBENT 
I^ARTS. 

THE preflurt of fluids being Ihewn to be in it 
proportion to their depths (3, h) it will 
not be dilEcult to find the celerities with which 
they Ipout forth from fmall apertures in the fides 
or bottoms of veflfels. 

For this purpofe let us fiippofe pq^r (fig. lao.) 
to be a prifmical column of any fluid that pafles 
through a hole in the bottom of the vcflel f h i o. 
If the height p q^ be aflumcd indefinitely fmall, the 
prefllire by which the velocity is produced may be 
eftcemed conftant, becaufe-the column oprv, 
whofc ' weight (5, q^) is the meafure of that 
preflRire, does hot acquire any definite increafc 
during the paflage of the column through its height 
p (i; The weight of the column o p ry exceeds the 
weight of the column p q^s r in the fame propor- 
ticMl as the height P exceeds the height p q^, and 
confequently the iftion or preflurc exerted on the 
column^ PQJR exceeds Its mere gravity in the fame 
proportion. Therefore, whatever may be the final 
velocity, or velocity of emiflion, produced in the 
column p qs R in pafling through p q^ it will be 
required, in order to produce an equal final velo- ^ 
city by the mere action of gravity, that the &me 

C a , columij 
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column fliould defcend through a Ipace proper— 
tionably greater as this laft i& Icfs than, the former 
force (i, 36, h)^ namely through afpace equal ta 

V po. That is to fay, the velocity of any fluid iflli- 
ing from a hole in the bottom of a veflel is^ equal 
to that which would be acquired by a body falling, 
freely by its gravity through a Ipace equal' to thsr 
perpendicular height of the fluid above the hole. 

z. 'Arid becaufe fluids prefs equally every w^y at 
equal depths/ (4> n), this theorem holds good^ 
Kkcwifc with refpeft to fluids that fpout through, 
apertures at the fides, of veflfels, or with any obliqui- 
ty whatfoever.. 

A Hence the motions of fpouting fluids may be . 
reduced to rule.. For every part. of the projedted 
ftream being confidered.as a body in mqtipn^thrown 
with a given velocity and dire6tion,^,.the fame 
principles will be equally applicable to ipouting, 

B fluids and to projeftiles of any other kind. Thua, 
if the fluid fpout direftly downwards, its yclocii^ 
in any point of itacourfe will be equal to the. ve- 
locity of emiflion added to that which it would 
have acquired by gravity in its fall fron;! the ^per-* 
turci or,, (20, y) which is the fame thing, it»^ 
velocity will be the* fame as if it had fallen froni* 
the llirface of the fluidl If it fpout diredly up^- 
wards,^itwill (1..31, p. ir. 20, v) proceeiwith an^ 
uniformly retarded motion, which will carry it ta» 

• • • * 

the level of the furface of the fluid in the veflH^ 
If it (pouts in any other diredion, its cburiewili 
be nearly a:parabola.(u 97>,u)« 

• ■ • , * 

Qtk 
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Fountains. ax 

' Grnthelc confiderations di!pends the performance c 
©f-fbuntains ; for the conftrudlion of which there 
is i>fovided a refervoir, elevated confidcrably above 
the-plahe in which the fountain is to be made. 
A pipe, communicating with the refervoir, is con- 
veyed to the middle of a bafbn, and by means of 
a perpendicular fpout, called the adjutage, throws 
<hc water up in the air to a height which is in 
the level of the furface of the water in ^e refer- 
•voir. 

But in applying thefe obfervations to praftice, d 

liiere are many circumftances that tend to diminifh 

''•flie quantities of motion. There are few fluids 

that have not a confiderable degree of cohelion or 

'tenacity, lAich prevents their parts from moving 

4is freiely ^ otherwife they would have done y and 

the frtdtion againft the fides of tubes very mucli 

Tretsfrds the motion of the included fluids, if the 

^fces be loiig, fmall or crocjced, and the velocity 

igreit. IThe air which, ex'triciating itfelf from tfce 

«Water, occupies the upper parts di bent pipes is 

^ften % grieat obftacle to the courfe of the water, 

land not uhfrequently Aops its progrefs entirely. 

%Vi fountains, elbecially where .the fluid is thrown 

|)ei'^ehdicularly upwards, the part that is falling 

>efti5 upon th6 afcending column, and prevents 

\i% arriving at the height its motion would have 

<taffied it to j befides which, the refiftance of 

ih6 air, aiid other caufes, join in increafing the 

^thi efeft. We muft riot therefore expedt in 

tk^t iHQJCe .than in other engines, that the per- 

C 3 formance 
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formance will equal the tbeozy ; yet, k is not dit^ 
ficult to make the prppcr allow^ccs, fo as fo 
find their real efFefts by calculation ; but pur pur- 
pofe^ being general, does not extend to the va- 
riety of particulars which offer thernfelvcs. 



CHAP. IV. 

(DF THE RESISTANCE WHICH FLUIDS MAKE TQ 
BODIES MOyiNG I^T THEM, 

J T T T'H E N a body i$ immerfcd in a niafs qr 
VV quantity of fluid matter, and is in mo- 
tion, it mull feparate the parts of the fluid frorii 
eacl^ other as it moyes. Jf the parts of the fluid 
be wiphout cohefipn or tenacity^^ this ieparatiofi 
will be attended with np difficulty j but if the te- 
nacity be cpnfiderable, it wiU require a cpnfiderablc 
force to overcome it, A part of thp motion muft 
therefore b,e loft in producing fhjs effcft. And, 
in the fame fluid, the more parts afc 4iyided in 9 
given time, the greater quantity pf the motion 
* muft be loft or empl9yed for that purpofc. But a 
body, moving through an uniform fluid, divides 
a greater or lefs number q/l its parts^ in proportioi> 
as the velocity of its niotion is greater or lefj, 

F Confequently, the reCftance which an uniform fluid 

makes, by reafon of its tenacity, to a body ini- 

merfed and moving in it, is in proportion tq th(^ 

velocity of the moving body. 

But 
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. But there is another refiftance of greater confe- o 
qucnce, which fluids make to bodies immcrfed and 

. inoving in them, and arifes from the inertia of their 
parts. For if a body be moved in a fluid, it muft 
give motion to a certain quantity of that fluid, 
and the reaftion of that quantity will deftxoy part • 

. of the motion of the body. Now a body moving 

, xhrough an uniform fluid, gives motion to a greater 
or Ids number of its parts, in proportion to the 

, velocity of its motion, and i§ therefore rqfifted ia 
the fimple proportion of the velocity <xn that ac- 
count. Again, a body moving through an uni- 
form fluid, communicates a greater or lefs quan- 

• xity of motion to each of its parts, in proportion to 
the velocity of its motion, and is therefore refifled 
in the fimple proportion of the velocity 4>n that ac- 
count. On both accounts^ then, the refiftance h 
which arifes from the inertia of the fluid, is in the 
duplicjate proportion s>f the velocity of the moving 
J^ody. 

When tbe faaie body is fpokcn o^ the refiftance i 
;and rctafdation follow the fame ration but, ijq dif- 
ferent bodies, they differ in the fame manner as 
motion and velocity. Refiftance fignifies the quan- 
tity of motion, and retardation the quantity of ve- 
locity which is deflxoyed : for example, if a body 
be projefted with a given velocity in a fluid, and 
lofe half its motion by the refiflrance in a given 
time, its retardation will be half its velocity : but 
if another body of the fame bulk, but twice the 
'R^eight or mafs of matter, be projefted with a 

C 4 like 
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like velocity in the ^me fluid, it will be^ equalljr 
refilled;^- but, having twice the quantity of motion, 
\wiil jpnly lofe pd^fpurth of its velocity in the fame 
.limev Thu§, . thglugh the jefiSances be. equal, the 
retardadon in t^.4a|tfcf inftancei^ ooly halfth^ 
/juantity of that in t||e fprmer. i ,- 

«; . if! fluids tj^a^;, areMiOt gIuti<ifou$, the refiftanoe 
^ifmg &om dieifjfe^Meky h inoonfiderable, t^d^ 
-ally in IVift motion ! in which caib^ thereflftance 
from the inertia jntreaflng a? the fqu^e? of the vt^ 
Jocities^ wjule that ffQ«i- the tenacity increafes only 
9s the velocities di^ajfel ve% ^ thfe pfoportiop of die 
latter to- the fqrmprj becomes' fo fmall that it may 
be neglefted. .|t is ufiiali^. therefore, to negleft 
that refiftance which arifes from the tenacity of 
fluids. 

x^ In like circunifl:ances, the refiftances of fluid? 
are as .their denljties* Por the quantity of matter 
tq be moved 13 in that proportion. 

M ..If^ cylinder be moved through ap uniform fluid 
ifk the direftion of its axis, it will foffcr a refiftance 
equal to that of a fpherc, whofe diameter and yclo-f 
city of motion inthe feme fluid are equal to thofe of 
|he cylinder. For proof pf which, fwppofe the 
cylinder to be quicfccnt Jn the middle of a prifmical 
canal or tube, its axi^ coinciding with that of the 
^be. Let this tube he filled with the Quid, an4 
conceive the fluid to he moved through it with a 
given velocity. Then the fluid will pafs between 
the fides of the tube and the cylinder, and its mo-r 
tipn will be impeded by its being reduced to pafii 

through 



^^rotigh a narrower Xpace. If the ipherc be f«bftU 
'*t\jted in die place of the cylinder^ the ipaqethoough 
which the .fluid 13 reduced to pa6 will be ppccifcly 
the fame, ^d confeqtjently it8 nx>tioo will be 
equally impeded. And^ becaufe aAion aod re-* 
liaioiil are equal, the cylinder md Iphctt in thi^e 
£ircumftance3 will be equally aAed upon by the 
JIuid. Now, iet the fluid be fpppoicd quiefceoti 
and the cylinder or iphere moved with the fame 
yeiocity, and in the contrary dire&ion to thac in 
wHich the J9uid was before moved i and the relative 
motions of the fluid and imTnerfed body will be the 
fame as before, Confequcntly, the cylinder and 
'^here, if moved with equal velocities through a 
prifmical veflcl containing a fluid, w^ be equally 
>^ifted lipon in the contrary diredion to their mo- 
tions ; that is, they wDl be equally refifted, Andj 
fince this equality of reflfl:ance does not at all de^ 
jpend on the magnitude of the prifmicaj veflel, the 
doArine may be appli(»d tp bodies moving in an m^ 
(definitely extended fluid, or fluid contained in an 
indefinitely large prifmical veflel. It may, there^^ 
fore, be applied to all bodies in motion which are 
deeply immerfed in any fluid. 

Hence it appears, that in order to maintain the v 
uniform motion of a body in a fluid, a conftaht 
»cceffion of force is required to overcome the refiftf 
^ce ; but as, in general, there is no fi^ch accefllon 
in the motions which are performed about us, they 
gll depay by decree?, and at length terminate, 

II 
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<J- It likaifife appears, that when a body moves ^n 

^ any fluid, and is afted upon by any conflant force, 

it can obtain but a certain degree of velocity. For, 

• asthe refiftance increafes with the Velocity, but in 
~ a higHer proportion, namely, at the fquares, (23, h) 

• it is plain that the tefiftance at a certain period of 
' the acceleration will become equal to the conftandy 

aiding force; after which the body will proceed 
' uniformly, and the conftantly afting force will .be 
-employed in overcoming the refiftance. On this 
- account it is, thaf bodies that fink in water,- Or 
' othier fluids, by the force of gravity, foon acquiVc 
their utmoft velocity, and afterwards proceed uni- 
■^ formly. And, in like manner, a fhip, when it firft, 
'gets under way, proceeds with an accelerated velo- 
city, till the refiftance of the water becomes in 
^.cquilibrio with the aftion of the wind on its fails, 
-but afterwards proceeds uniformly, the force of the 
wind being entirely em.ployed in overcQmij7g that 
"refiftance, 

p -' In mathematical ftri^tnefs it i^ not true, that a 
■body in thefe cirCumftUnces ever arrives at unifor- 
rhky of motion 5 -for the approach of the refift- 
ance to an equality ^vith the impelling force is 

. reprefented by a con verging -feries, the number of 
whofe terms is infinite, and their fum in any finite 
time is lefs than the impelling force : but the latter 
terms foon become too fnvall to be of any phyCcal 
confequence. 

<i^ What is here faid of refiftance is to. be- under- 
ftood of bodies deeply immerfed in fluids, the 

parts 
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parts of which are comprefled together and non-» 
claflic or incapable of condenfation. Friction is 
likewife n^gledcd. Bodies moving at or near 
the furfaces of fluids, more clpecially if they be ob- 
tufe, caufe the fluid to rife Into a heap before the 
body, at the fame time that it fobfides at the hinder 
part. And fo likewife, obtufe bodies, moving in 
^lailic fluids, condenfe that part of thjC 0uid tOi> 
Itij^ards which they are moving, while the part froni 
which they recede is rarefied. In thefe cafes the 
^cfiftances are greater than woijld be deduced by thq 
f^inciples here treated of*. 

• Priocipia. II. S 8/ " 
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fyrrnt general properties of the air» the 

iMMENSio^S OF THE ATMOSPHERE, AND THE 
MEASUREMENT OF THE HEIGHTS OF MOUN- 
TAWS BY MEANS 0^ THE BAROMETER^ 

r 
> - 

4 

iR /CONTINUAL experience fhews, that ^c 
^^^ ^c immerfed in a fluid which agitates bodies 
wKenlt is in motion; refills the motions made in 
itVfuftains bodies floating in it; and, in fliort, 
.differs very little in its genqral properties from the 
^ofler fluids, great rarity;, elafticity, and tranlpa- 
jrchcy, being its diftinguilhing charafters. 

§ iThe whole mafs of this fluid, with its contents, 
is called the atmofphere 5 a term made ufc of when 
,the effefts that arife from its form, magnitude, 
,denfity, &c. are confidered 5 but when the fluid 
4©f whi^h the mafs is compofcd k indefinitely ipoken 



f» 



c^ with a vjev to develope its qudkieS) and'^ 
cqnfider >k indq)eQcknt of ^ bodies knmerled^in^ * 

Air is a (imdy -^fhafi partides alb*not hi con^- ^ 
ia£t^ and repel eadi other with a &rciB chat may ' 
be diminiihedys bi;^ xi'suatjov be dcftroyed* by any ^ 
degree of cokl known in the vicinitjr of the? eafth» 
FoTr if die particles were in: contaft: the fluid could ^ 
not be comprefliid,.^and iT tfay did'nor repel each. ' 
otker> the flaid Gouli not expand when* liic com- 
preffingibrce is removed.- Tlris* property' of the ir 
air may be-Ihewa by vanoiis methods t one of the * 
fimpldCb is, to pour a qxiantity of quicfclilver int , 
the tube A,B<5v (fig- 124^) clofed«t Ay and open at,^ 
c. Sttppofe the tube to be filled, with quidbfilver ' 
to E, theathe-aiir inclofedin the leg.xa. will pre- 
vent its riling higher thansiap.. Mark t^ in the fame ' 
horizontal fine with d,' and (6,: t) the coldmtl j>1!^' 
wiU be in equilibrio with fb; conlcquetitly .'the 
^uickfilwr contained between ? and D witt riot'at 
all pceis. on the . air between a and^ d. But . the " 
column: E p afting with . its ' whole* weight on thel 
cjufckfilver betvwem f and D caufcs it V> pr^ft" 01^ * 
die air at d, and. condenfe it.. By incre^hg'lhfc 
c^antity of quickfilver the condenfation 'is ittr 
creafed^. and it is^ found, that ^e %»aces into Which 'i$ 
i&be air is condenfed by tiifiTerent wests' are ii>^ 
v:erfely as thofe weights ^ or its denlity k as Qii' 
greflure it bears. 

One of the^firft objefts of cn4uirythat'68fep#; 
dienafdvea wfpeQing the«tmofphcre h its iStte^ ' 

or 
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OX inagnitude. Expeti^iicd afibres us, thal^ It i/ 
extended oyer the wholb furface of the earth and 
iea; and.it is evident, from the fuipenfion and 
motion of .the clouds/ that its altitude is confi-^ 
dcrabie i. -but the meafbre of this altitude mull be 
obtained rfi?om its <ffe6ts.. Thus, if the Ipecific 
gravity of the air be found, and alio its whole 
pfeffure on bodies, it will be eafy to difcover the 
quantity of the fluid,, and. its height, if fuppofed 
to be unifonnly denfe. iUiother method of dif- 
coycring the height of the atmolphere is deduced 
from optical confiderations, by obferving the effeft 
it has on the light of the Sun. 

To find the ipecific gravity of the air, let ab 
(Hg. 12.5.) reprefent a bottle, whofe contents are 
cxa6Uy known -, for example, fijppofe it capable of 
holding two pounds of rain-water 5 let a valve, 
opening outwards, be fitted at a, and the air be 
cxhauflred from within By means of the air-pump, 
hereafter to be defcribed -, let the veffel thus ex- 
haufted be weighed in water, or any other denfe 
fluid, in the veflel m n, as reprefented in the figure, 
after which let the air be admitted. An additional 
weight of about 14^ grains will be required to 
retfoje the equilibrium : therefore, the air contained 
inthe veflfel ab weighs 14^- grains, the proportion 
of which to two pounds is i to 800, or i^ to 

In this experiment the veffel b is immerfed 
in watijr,.. that the fulcrum of the fcales being left 
loaded, may urn with lefs fridion, and confe- 

quently 
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qucndly be mpi?e fcnfibk. It is attended, hqwevcF»: 
with fome difficulties ; the .c)uef tof which confiftsv 
in ^e attraftion or repulfion C3icjrte4 at, the fpmce ; . 
of the water, and this | i§ cpnf^dprable enou^ to., 
induce fome philofophers to weigh the bottle with- 
out immerfing it.., . , - . 

, Thclpecific gravity of air being thus difcorered^ z 
its preffurexnay be found by tlijC Tprricelli^ expcri-. : 
nxent, lb called fi-om its inventor . Torricellius. ^ 
I^t AB (fig. ia6.) reprefent a glafs tube of the 
length of 35 inches or upwards^ ;clofcd at the end 
A, ,and ppen„jn Bi.fill the fanae with quicklilyer, 
and clofe the qri(ieg.at ^ with the finger, or other- 
y^fc : . iipmerfe ^e eiid 9 in the veflcl of quickfilver 
c D, and remove tKe finger from the orifice; the ^^' 
quickfilver .will then fubfide to n in the tube at the 
height of about 30 inches. 

This phenomenon is readily explained on the a 
conimon prinqiples of hydrpftatics ;• for which pur- 
pofe it muft . be remembered, that the preflTurc, a 
body, immerfed in the veflel c i>j would fuilain, is . 
not only that which arifes from the weight of the 
quickfilver, but likewife from that of a colurpn of 
the atmofphere, incumbent on itis furfacej fo thar 
every column, of the quickfilver preiles with a force 
that exceeds its own weight. When, the tube is in-* . 
verted into the veflel of quickfilver, the furface a[ \ 
the column it contains being defended fj%>m the ^ 
preflTure of the atmofphere, by the dofure at a, cant 
prefs downwards with no more than its 9 wn weighty . 
and will, therefore, be in equilibrio with the preffurc 

the 
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die qtiickfilver in the vttkl exerts agaiiift iCs^ dt^ 
feent^ then only^ ^tn it i$ fo much longer^ diitf 
the additional quickfilver may be equal to the 
additional weight which a fimilar cohimn in the 
vdTel receives from the prelTure of the atmoiphere; 

B that is to fay, the preflure of the atfiioiphere on any ' 
given ilirface is equal to the weight of a column' </ 
mercury, whofe bafe is the given furface, and height* 
equal to that at which it ftands in the Tprriceliian^ 
tube ; and this preflure is the weight of a column ' 
of air, whofe bafe is the given furface, and heigJiC 
equal to that of the atmofphere. Or, generallyi' 
beitraufcl the bafes may be fuppbled not to vary, ' 
the preflure of the atmofphere, is as the height of 
the mercury in the tube. 

An inflrumcnt confifting of a Torricellian tube, 
with a fcale adapted for meafuring the heights of^ 
the mercury, is callcfd a Barometer. 

c It has been fhewn, that when the air is con-* 
dehfed, its denfity is in proportion to the weight that ^ 
compreifes it (29, u,) By means of the Torricel- 
liin tube it may be obferved, that the fame pro^ 
portion obtains when it is rarefied by taking o^ \ 
part of the weight of the fuperincumbent atmo- 
iphere. For, in any elaftic fluid at refl, the fpring 
mtrfk equal the comprefling force (i. 22, r) ; and 
if any part of that force be taken away, it mud ' 
expand till the fpring' becomes equal to the re- \ 
malhder; which will happen if the elaflicity of the 
ifluid be weakened by expanlion; And fince the 
prefiurea of fluids are as their heights (3, h) - 

the 



ttepc^urff ofth^ mercury iii diettibc aB(fig. ii<.). 
^ill be equal to that in the tube a b, when die mer- 
cury refts at n in the fame hoHzJontal line with w. 
Now, if>a bubble or fmall quantity of air be adn^t- 
tedanto the tube a B/it will deprefs the mercury 
below the mark u, uH its ipring, .and the weight of 
the meceory remaining intixe tube be in equ^brio 
with the prei&ie of the atmofphere j that is, if the 
mercury be deprefled to m, that paii|. of the weight 
d' the atmo^heir which com^ionds with the 
4}uantity of mercury ' M B, will beiuftained by the 
^eightTof the mercury, and die remainder m n will 
be fiiftained by;the fpring 'of the included air. The 
included air then, being prefied'by a weight lefi 
flian that of the whole atmolphere, becomes rarea. 
£sd or expanded. ^ By varioufly inclining the tube, 
QT by immerfuig its lower end to greater depths 
iin the bafon, thdincluded air maybe made to bear 
more or kfs of the M^eight of the atmo^her^, as - 
may be gathered by Jticafuring the perpendicular 
altitude of M above theTurface of the quickfilver 
contained in the veflel cD^.and fubtradihg it from 
the altitude b n, which corre^onds with the wetghft 
«)f the whole atmofphere, and its contraftion or 
4ilatation obferved: whence it appears; that t})ik 
ilenfity of air> though greatly rarefied^ is propor- 
tional to the compreffing force. 

If two columns of uniform fluids^ whole fpe^ d 

leific gravities differ, be equal in weight, and ftand 

ftn equal bafes, their heights will be reciprocally as 

their fpecific gravities (4, t, m. 6, t.) The ^Jcciiic 

Voir. II. D gravities 
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gravities of quickfilver and air arc rcipcftivclf 
1 40 1 9 and ij: therefore. 
As the ipecific gravity of * 
- air, ^ - • - i^ 

Is to the fpecific of mer- 
cury, • - <- - 14019 
So is the height of the 

column of mercury, - 3© inches, 

To the height of an equal 

column of air - - 336456, or 5 » Englilh 
miles. 

This would be the height of the atmofphcre, if 
it were uniformly of the fame denfity 5^ but as that 
is not the cafe, on account of the elafticity which 
caufes the upper parts to expand in proportion 
as the weight of the fuperincumbent parts becomes 
Icls, the altitude muft be much greater. 

The denfity of the air in that part of the atmo- 
Iphere in which we live being fliewn to be as* the 
weight that comprefles it, it is plain, if the conftr- 
tution of the air in the fuperior regions be of the 
fame kind, that its denfity at 'any altitude will be as 
the weight or quantity of the fuperincumbent air. 
Suppofc Am (fig. 127.) to be a column of the 
atmolphere, and imagine the fame to be conti- 
:nued at pleafure beyond m, fo as to reach its utmoft 
limits. Let this coltrmn be divided into an inde- 
finitely great number* of equal parts, a b, be, cd, 
&c. and the quantity of air contained in anyone 
of diofe parts, or its denfity, will be in proportion 
to the quantity of air which is fuperincurnbent on 

* that 
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that part. Now^ the difitrence between the quan« 
tities of air incumbent on any two contiguous pana 
is the quantity contained in the uppermoft of thole 
parts ; that isj for example^ the quantity fuperin- 
cumbent on d is lefs than that which is incumbent 
on c by the difference or part cd: therefore the 
quantities contained in the equal parts or divifions 
are the differences between the incumbent mafles of 
air taken in a regular fucceOlon ; and thefe quan* 
tities or differences have been fhewn to be in pro« 
portion to the incumbent mafles. ♦ Now, it is 
demonftrable, that if any fuccellion or fenes of 
magnitudes do increafe or decreafe in fuch a man* 
ner, that the differences ihall be in proportion to 
the magnitudes themielyes, then thofe magnitudes, 
and confequendy their differences, ihall be in a 
continued geomecrical progreffion : whence it fol* c 
lows, that the denlities or quantities of air contained 
in the equal divifions or. parts Ab, be, cd, &c. mu(( 
decreafe in a continued geometrical progreffion. 

On thefe confiderations is founded the barome* k 
trical method of meafuring the elevations of moun-- 
tains, or other eminences. The principles made 
ufe of may be explained as follows : 

If a barometer were carried upwards with an i 
uniform motion through the column of air a m, 

. * Let a, t, r» J, &c« be magnitudesi wbofe differences arc 
as the magnttttdes themfelves. 

I'hat is f a-r*i i i It b-^^c : r : : r— V i 4i &c. 

And \a: b : e :Jp h9* 

Da- (fig. 
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(fig. iiy.yitk elevation above the furfacc 6f thif 
Earth would increafe by Ac coiifahual addition 6t 
the equal Ipaces Ah, bcj cd, 8ccJ iof as to b£ frit* 
^cffively reprerented by the natunQ ferics of did ihim'^ 
bers I, a, ^i &c. but the mercury iij' the tubcJ 
would GOntinualiy dcfccnd fb as to pa3S tRrbujgh' 
heights that would be propbrdonaT to the preffurei' 
or denfities of the air (52; i, c.)al a, b, c, d, 8tc* 

K that is to fay, while the elevations above die fiir- 
facc of the earth increafe arithmetically, thfe heights' 
of the mercury in the tube will decreaf^ in a cbh- 
tinual geometrical feries (35*, d.) 

h Now, it is well known, that if i coAtiriuedf 
geometrical feries, beginning with unity, be rangiid' 
in order, with an arithmetical feries, beginning 
with o, or a cypher, the numbers of the latter tcrieS 
* will be the logarithms of the correipondent ntinl- 
bers erf" the other. Such are the numbers before 
us ; for the greateft denfity of the airy or greateft 
height of the mercury, may be called unity, and 
- anfwers to an elevation of o, or nothing a1>ove 

M the Earth^s ftrrface. The elevations above the' 
Earth's furface will therefore be the logarithms of 
the heights of die mercury in die barometer. 

IT If therefore we were provided with a table oT 
Ic^arithms^ or an arithmetical feries of k'nownr 
unities or meafures, adapted to that geometrical 
feries which exprefles the gradual defcent of the 
mercury, while it is carried with an uniform mo- 
tion upwards, the differences of the logarithms of 
any two given heights of the mercury would ia 

faa 
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J^Si )^,i!tic dlj^ercnce of the elevations above the 

^Earth's futface, or it would be the perpendicular 

fpace^throu&:h which the barometer had been car- 

/i^d, in prjficr to produce that defceqt of the mcr* 

<:ury. 

But as th^re 16 no fuch table in being, it wou|d o 
become neceffary to connpute direftly from the pro* 
perties of the geometrical fcries, if there were not a 
^niethod of applying, ^e common tables of loga* 
^ rirfwiis to this purpofe. It is a property of all loga- 
rithms, that if the difference between the logarithms 
of two numbers be taken in one let of logarifhnisr^ 
anjd.the difference between the logarithms of t^c 
rfanie , two numbers be taken in Ipgariduns pf 
.another form, the proportion between thcfe tvfp 
differences will be conftant for all pairs of nun>- 
. bers fo. takca*. ,From hence if the difference pf 
two elevations be experimentally found, and the 
fcfp?<Skive heights of the mercury obfcrved at each, 
it will not be difficult to deduce any other difference 
of elevation from obfervations of the heights of tjip 
mercury at each, 

* In thft following feries^ 

o. 3. 6. 9* l2« 15. logar* 

0. 2. 4. 6. 8, 10. logar. 

1. n. n^ n' n^ ns numbers. 

it is obvious, that the logarithm of any number in one fcries 
has a conftant ratio to the logarithm of the fame number in 
the other feries, And the differences between the logarithm* 
of two given numbers in the two feries of logarithms will have 
the fan^e conftant ratio, as being the logarithms of one and 
Ihe fame numberj namely^ the quotient of thofe two numbers. 

H 3 , An 
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^S BAROMETRICAL MEASUREMENT 

p An example will render this clear. Suppofe the 
height of the mercury in a barometer be 19.565 
inche, and the height of the mercury in another 
barometer, placed at an elevation of 7 10 feet above 
the former be 28.770 inches, it is required fo find 
the difference of elevation of two barometers, whofc 
mercurial columns ftand relpedlively at si.S.gincheij 
and 27.5 inches. 

0^ If the altitude of the mercurial column, 30 
inches, be taken as unity, or the firft term of the 
geonhetrical feries, the two firft altitudes will be- 
come fractions *-^c-% and ^-y-"" of that unity, the 
number 710 being the difference of the loga-» 
rirfims, or corrclpondent terms of the arithmetical 
feries of elevation, taken in feet. Take now the 
difference of the common logarithms of thofe frac* 
tions, or, which is the fame, the difference of the 
logarithms of their numerators thus : * 

^9,565 its logarithm, - - 1.4707779 
^^8.770 it§ logarithm, - - ^ -4589399 

■ I ■ I II ■ 11 ■ I \m < 

. • 

Difference, .01 18380 
R And this difference .on 83 80 will bear the fame 
proportion to the difference ot elevation 7 10, 2^ 
xht difference of die common logarithms of any 
other two altitudes of the mercury will be to the 
^fference of elevation between them (37^ o :) fo 
that with refped to the thing requkcd, ^ 
From the logarithm of 28.9 * i ,4608978' 
Take the logarithm of 27.5 ^ 1-4393327 

. The difference js ,02 1 56 5 1 

And as ,0118380 : 719 : ; .0215651 ; 1294 feet^ 

A» 
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As the two firfl: terms are of conilant . ufe in s 
thefe computations^ it will be advantageous to 
reduce them to the fimpleft expreflion : thus, as 
.0118380 :7io : : i : 60000 ncarlyj fo that, inftead 
of working the proportion with the two firft terms, 
it will be fufficient to multiply the diflFerence of 
the logarithms by 60000, and the produd will give 
' the elevation in feet of one barometer above the 
other. 

But to multiply this difference by 60000 is the t 
fame as to multiply it by loooo, and by 6. The 
multiplication by 1 0000 is efFefted by moving the 
decimal point four places farther to the right : 
whence it is ieen, that the decimal point being 
removed four places to the right, converts the 
difference of the logarithms into a number that 
requires to be multiplied by 6 to reduce it into 
feet. The number itfelf is therefore the height in 9 
^thorns and decimal parts : 

Confequently, the fhorteft general rule for v 
meafuring heights by the barometer isj take the 
difference of the logarithms of the heights of the 
mercury at both ffauions^ and the four firft figures 
following the decimal point will be the fadiomSj 
^ and the reft a fradion of a fathom, exprefling the 

elevation. 

It is evident, however, that this rule fuppofes w 
the fpecific gravity of the mercury to remain unal^ 
tcred, becaufe its height could not otherwife be a 
fettled meafure of the denfities of the air that fuf- 
tains it. It is likcwife implied, that the deufity of 

D4 the 
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the 4ir is fubjcft to no other change than m^ljr arife 
'from its diminilhed compreffion in afcending to- 
wards the upper regions of the air : but neither of 
thefe pofitions can be admitted in the a£hial prac-* 
tice, JfFof all bodies expand and occupy larger 
•Ipaccs -WFhen their temperature is increaied. Tke 

-mercury in the.baronKjter, when heated^ will be 

v-%ecifically lighter, and will confequently afcend 
from that caufe, even though the preflure of tkt 
air ihould remain unchanged : and the air, when 
expanded by the fame agent, will not diminifh its 
prcffure after the ufual ratio in afcending ; or, if 
the feme geometrical feries be fuppofed to be re- 
tained, the unity of its logarithms will be greater 
than before, and the general rule, (39, v) inft^ad 
of giving fathoms, will give a number of fomc 
larger meafurc. Thus we fee, that the rule can 

- be true only with reipeft to air of a given tem- 
perature, and that in ail othdr cafes it will require 
to be correftcd. 
r By a very valuable fet of experiments it is found, 
that the mercury in a barometer changes its alti- 

. tilde by Jxeat, according to the following table : 
:; . If the mercury in the baromdter Hand at jo 
inches when the temperature is .32^ ; its changes 
will be, for every degree, « 

between between between between 
o and 32® 32^ and-52' 62 and'72 72 and 92 

falls 0.0034 inch, rif, 0.0033 rif. 0,0032 rif. o.ooji 

L In order therefore that we may know the effeft of 
t!ie air's preflure- on the barometer, it is required, 

that 
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^&t iiis ttdghcikould becokitiftcd by the^addfdat 
w fubtitfftiii^n^of thefe quafitides^ according to ^^te 
-number of degives of tempeiuMre ^borc or btiMr 
-32^, and 10 proportion tx> its hei^t. ' 

Iti$ aUbpretey^wdl dbddifhrd from bMKftnod- • 

'Cai obiervadons, and from^^kpeifiments made«^ifHii 

c-air ^f various denfides^ diatlte ^spanfions -bf^hdit 

-are as in die following table. 7he height of^te 

iriercury is taken to be the mean between die h^^g^ 

-at the extremides of the column of air^ and dw^ 

column (entitled corre£don fliews the expaniion <iir 

diminution of die coluftin of air in dioufiuiddi paits 

< of die elevation given by the^neral rule (39^ VI) 

■» . 

'Mean height of Barometer 30 inches. ; c 



Mean- 

Temperature 

of the air, 


Correfiion. 


Difference for 
I inch barom. 


92* 

83 


•c S 


156-381 
131. 188 


6.09IJ 
5.111 


.72 
52 


S-3 


105.047 
7 8 '427 
51-335 


4.0925 

3-0555 
2.0060 


42 




25-193 


0.9816 


32 


% 


0. 


0. 


i2 


1 


24.142 


.0*4722 


12 


CO 


'. 47^532 


0.9259 



The philofopher who undertakes to meafui^ d 
heights barometically fhould be provided with two 
portable barometers^ of the beft conftruftion^ on 
which he may read off the height of the mercurial 
columns to the 500th part of an inchi each IO- 
meter 
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fiict)elr0iuft be fimd up with m mwthei thercM^ 
oicterj fetin thenpoodea frame in tbe 6iiie manner 
ff^ the baromecer-tube is. It h convenient that ,ttie 
ball of each thermometer be nearly of the fame 
^iSmostfB^ ^ the bar<]tfneter*tube : he fhookl alfo be 
|ilovidc4 with two other thermometers» deuched 
fion- the barometers. One barometer with^ its 
atUched and detached thermometers is to be placed 
in did flxade^ on the eminence^ whofe height is re- 
^4^ur^ while the other remains, in the plain below* 
Th^. tnv& be fufiered to continue in their places at 
h^ t fuffipent time for the detached thermometer 
tp acquire the temperature c^ the air, th^ is to fay, 
till it ceafes either to rife or fall. The obferver on 
die eminence muft then make an obfervation of the 
height of the mercurial column, and alfo of the tem- 
peratures e)diibited by the attached and detaehed 
thermometers at the fame time that the obferver in 

. the jplain pcrfbnns the liVe with the mftruments 
below. It will tend much to diminifh the errors, if 
three or more fets of obfervations be taken at each 
ftation after fliort intervals of time, and the mean 
of the whole be made ufe of as the true obferva- 
tion. 

X The nearer thefe direftions are adhered to the 
more accurate will be the refult j but they will 
admit of confiderabi<? deviations in the pradtice. 
In cafes where better inftruments cannot be ha4, 
any well made portable barometer^ graduated fo as 
to Ihew the. true fall of die mercpry, may afford 

obfervations by no means to be dcfpifed^ For jx 

finall 
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finall tttbr in the pofition of die zero, or lotmf 
point, from which the fcale of inches begins^ pro- 
vided the point be fixed, will not fenfibly affeft die 
xefult ; and the attached thennonieter may be diC- 
perifed with, if an hour or more be allowed for lbs 
mercury in the barometer to acquire the tetnpdfa* 
ture of the furrounding air, which is Ihewn by die 
detached thermometer. A fingle baK>nieter may 
lupply the place of two, if the obiervadom caii^ 
within any moderate (pace of time, be made fiift 
in the plain, then on the mountain, and ^jn re? 
peated on the plain : becaufe it may reaibnakly be 
prefumed, that if the two fets of obfervations on die 
plain agree together, the common denfity of the air 
below has not changed during the operation. Thd 
obfervations being made, the height may bt dfr. 
duced according to the following fummary of di6 
contents of the preceding pages : 

Firft- Reduce the height of the mercury ii each f 
barometer to the height it Would have floodat in 
the temperature of 3a^ This is done by aiding 
to the height, or fubtrafting from it the qutntity 
indicated' in the table (40, z, a) for diat pur- 
pofe, according to the number of degree die 
attached thermometer ftands below or above 3 a*, 
and the obferved height in the tube. 

Secondly. Take the difference of the logai^thms o 
of the reduced heights of the mercury in eachbaro*. 
meter ; of this difference, the four firft figurs on 
die left will be the logarithihic elevation in fauorns^ 
the renaaimng figures beio^ ^ decimal* This will 

be 



tl»etijicklnjciijcv?iwn» if .the oneani)ctweicn4l^ftten- 
.fUpmSi io(y<(ated bjr.the4etaclic(l thmiMHn(terjb« 

n jTha^j' i^^tM the nacan tenjpcrature ,of (j[ie 
,««ilwnnjQf.wr, as iadicatcd byijje,dcta<iti«d t^tr- 
-saQQie»i?> 1 1je above or ixlaw 34^ j fipd .the wjcan 

^amitbe.tafelc (41, c) the two nuijib^s in t^e 
,«olu8xn;pf.^erenc?s , th4t rs^tigp oppofue the two 
.mofOMiXl^^h l^tw^ which the mean temperature 
jrf.tbe xcAwmfi pf,^ lic$i njultipjy each by t^e 
.oupwer. ioi in^s (wd ^parts, if the elevation jpe 
-©<al) whi<Jh fibe inqap /altitiide of fhe mercufy 
'MSks,dri^.S0.\r)4^' Subfl-aft t^cfe pr^du^j 
jfiron: thc.rcfpeftiye opppfijB numbers iq t;he column 
. «tf carredtions, if the ipean .altitijtde of the mcrcu|y 
ihe Ks.than joi^i^s, but add, if it be greater. 
Find the difference between thefe |wo rema^i^defs 
or fims,.>and. multiply, it by the number of degrees 
I J>y. vhich the jnean tenn^perature exceeds the lower 
,cf ihe jtwo . ac^aqent temperatures in the . table, 
\mviicthi3 pjoduft by 10, and add the quotient to 
►thq ieaft, o£the two remainders or fums, laft men- 
.tiomd. The fum will be the true corredlion in 
♦thqulaiMith parts of the logarithmic elevation. Re- 
duce it into fathoms, by multiplying it into the 
logarithmic elevation, and dividing by 1000. This 
-«[UOJtfi?ni; Jb^ing added to^ the logarithmic elevation, 
.if themes temperature exceeds 32*^, or fpbtrafted, 
if it .fen iftiprt of 32^, will give the t;rue elevation 
,or. ptipendicuJa? difiancej.jjgtwecn the . two . baro- 
joneters. 

r ■ 

Example* 



£jcample« Suppofb the fbUowing oMerrttidiisr i 
ta be macfc, it is required to find ^ dk^aiieo; w 
r^ticai diftdnc^ bet^n tiie baromnen^i 

.Lower fbiuott. Upper i(atioii. 

Caernarvon quay. Peak of iSiibWdoiji, 

rieightoFmericury, 29.976 in. i6\2tg ibtSfei, 
Attached thermometer, 6 2i^ - 4:6 jf 
Detached thermomcterj 6 a * - 4^ 

-The computation. By the tab)e (40^ 2) Ac s 
rcduftioh for the lower barometer come» out 0.1, 
which, fubtrafted from 29.976, gives 2^.876. By 
the fame table, the feduftion fiw 46 « «, with a co- 
htmn of 26 inches, comes out •042>; which, fub* 
traftcdfrom 26.282, leaves 26.240 inches* Now« 
the logarithms of the redticed altitudes, 29.87^, and 
26.240, are f •47 532^5> ^^ t.41 89638, the ditfc- 
Tcnce of which is .0563587, or (43, g) 563.587 
fathoms. 

The mean temperature between 6a^ artd 46^^ is h 
14^, and conlequently the Ic^arithniic refult will 
require corriftions by the fecohd table. The.meaa 
betweeen the two barometric^ Jfcights is 28 inchesTi 
c*'2 faches below 30. The two numbers in the 
0lurnn of differences oppofite die temperatures 52^ 
and 62^ are 2.0000, and 3.0555 ; thde, multipiied 
by the number df inches^ or 2, give 4.0000 and 
8aif 5 the number 4:0000, fubtrafted from ks 
oppofite in the column of corredlion, 51.335, leaves 
47-335; ^^^ the number 6.1 11, fubtraded from 
78.427, leaves 72.3165 the difference between 

3 thefc 
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tiiefc remainders 4743$ and 72.316 b 24.^ ti 
ii^ch> multipUed by 2, the number of degrees by 
which the mean temperature 54^ exceeds 52^, the 
lower of the two adjacent temperatures in the table, 
gwcs 49.962. This produft, divided by 10, is 
4.9962 ', which quotient, added to 47 .33 $> the leafi: 
of the two remainders,' makes 52.331, the true cor- 
ledion in thoufandth parts of the logarithmic ele- 
vation. 

I The true correffion 52.331, being multiplied by 
the logarithmic altitude 563^ produces 29462.3531 
thii^^divided by 1000 affords a quotient of 29.46 2353, 
which is the true correftion in fathoms, to be added 
16 the logarithmic elevation, becaufe the mean 
temperature exceeds 32^ : the fum, namely, 
563.587, added to 29.462353, makes $93-^9353 
fathoms, or 3558.297 118 feet, for the true clc* 
▼ation required *• 

I The intelligent reader will readily perceive, that 
though the decimals in this computation are moftly 
retained, yet, it will in general be fufficiendy exadt, 
and much lefs operofe, if only the two firft decimal 
figures of any number be retained. 

The advantages of this method, compared With 
the geometrical method of meafuring elevations arc,^ 

■ 

* This method, which is taken from Col. Roy's excellent 
paper in the 77tb volume of the Philofophical Tranfadlions^ may 
be rendered more eafy in" the praftice, by extending the tablet 
fo as to give the corredlions at fight, as is in fome meaforc 
done in the original ; but the brevity of the prefent work pre-^ 
vented their being copied here. 

firft^ 
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flrft, the inftnimcnts are neither vtry cxfcnftte nor 
even difficult fpr an ingenious phBolbpher to make 
in any country where he can piociire quick^vcr 
and glafs tubes j but the geoitietrical method dc* 
mands inftruments of confiderable price, which can 
fcarcely at all be conftrudted by the moBt ingemooi 
perfon who is deftitute of the tods, and unac« 
quainted with the artifices required to render them 
corrcft. Secondly, The baronneters requiic na 
other aidjuftoient dian to obferve previoufly, whe- 
ther they agree, and to allow for their diffisrence. 
The barometrical obfervations are likewife eafiljr 
made ', whereas, on the contrary, the previous adjuft* 
ment and fubfeqwnt ufe of inlhunients for mea« 
luring angles require a degree of precifion and 
ikill not ufually obtained without pradice. Thirdlyj 
The error of obfervation in the baronrietrical method 
for all elevations is nearly a conftant quantity, never 
amounting to fo much as half a fathom for a mis- 
take of the 500th of an inch -, but any error either 
in the meafurement of lines or angles proportionally 
afFefts the refult ; fo that the greater the elevation 
required to be meafured, the larger the quantity of 
crrbr* Fourthly, The barometrical obfervations re- 
quire no particular circumftances of advantage, 
cither in the figure or fituation of the mountains 
required to be meafured, nothing more • being 
required than that both ftations be acceflible. 
Thefe obfervations, and the computation, are per- 
formed after the fame method in all cafes ; but in 
the geomictrical method, if the horizontal diilance 

of 
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o€ dkctHrc^ flactonA be confiderabici or if there bA 
aot a conrvienient plain for meafuring^ a fuiidamentat 
bale, the opecaiaofi; becoines vety compiicafiedj and* 
die chance of error is multiplied. 

It muft nol^ hoviever> Be di%uifed^ that thcpria' 
dfdes of t&r geometrical metiiod are eftabliihed; 
and Aire, and dut an eatreme degree ofexadbiefir 
tmy br c^>tained in this ivay by good inftramentp 
in the hands of a fldUul obferven Whereas the 
iiXK^ficadons of the atmofphere^ with refped to the 
rffeft which exhatadons of various kindsj and did 
greater .or kfs 2d>Qnd^nee of the eleflric matter^ 
laoay have in expanding die air^ if^thout changing 
ks temperature^ are not yet fufficiendy known to 
iSender the corre&ions altogether as perfeft as might 
be wiilied; Future obfervations muft point out 
fye&y and in the mean time it is to be recnembered» 
diat the elevations determined by the barometer^ 
when the extreme temperatures of the ccdumn of 
air do not gready differ^ and when the air is cold 
and dry^ are moit to be depended on *^ 

» For a mote full accouftt o( this curious fiibjcft, confalt Dtf 
iLuc's Recfaf^rches fur les Modilicatioiis de l^Atmofplkere. Si# 
George Shttckbur^h's valuable Obficrvatiotts made in Sslvoj^ 
in order to afcertain the height of mountains by means of the 
(arometer^ inferted in the Philofophical Traiifaftioiis, vol. 7* 
<iiiih Col. ftoy's, and Mr. de Lire's papers, in the fame vo- 
lume ; alfo Danien's Diflertatio Phyfica et J^athematica d(t 
J^ontium Altitudine barometro metienda: and th^ authors 
by him cited. . 

CHAP. 
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CHAP. II. 

OF THE REFRACTIVE POWER OF THE AIR | AND 

THE CAUSE OF TWILIGHT* . * 

« 

TH A T the celeftial Ipace or heavens is either q^ 
nearly or abfolutely vacuous, appears, frona 
the fmall refiftance the planetary bodies fuffcr in 
their motions; fuch refiftance, if it obtain at ali, 
being too minute to be clearly afcertained by any 
obfervations we are in poflefiion of. Light therc^ 
fore, when incident on 6ur atmofphere, paffes from 
a rarer to a dcnfer medium, and ought, according 
to the principles of optics, to be refraded towards 
the perpendicular ((. 262, a.) And this is accord- 
ingly the cafe. Let the circle abc (fig. 130.) r 
reprefent a feftion of the Earth, and the external 
concentric circle the furface of the atmolphere ; let 
H N be the fenfible horizon of a place a, and s the 
Sun beneath the horizon j then a ray of light inci- 
dent on the furface of the atmolphere at i, will, in- 
ftead of proceeding to a, be refrafted towards the 
perpendicular i s, and that continually the more as 
the denfity of the medium becomes greater, fo that 
it will arrive at a after paffing through the curve 
I A ; and a fpedator at a will behold the Sun in the 
line of the laft diredtion of the ray, namely, in that 
of AS, the tangent to the curve. The apparent ele- s 
ration which a celeftial body fufFers when its i^ys 
Vol. IL E faU 
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fall with the grcatcft obliquity, to wit, when it is 
feen in the horizon, is about thirty-three niinutes 
of a degree : wt other altitudes the differences be^ 
tween the true and apparent places are lefs, the 
Incidences and refra6tions being lefs confiderable. 

T Hence it comes to pafs, that we fee the celeftial 
bodies for fome time after they are fet, and before 
^ey rife in reality, by which means we enjoy 
about three days in the year more daylight than 
otherwife we ihcnild: but in the noithern parts, 
where the fun rifes and fets more obliquely, and the 
atmofphere being condenfed by cold, refradts 
more ftrongly, the difference is much greater* 

u The rcfraftion, as well as all the other pheno^ 
mena produced by the atmofphere, are variable, 
as the denfity of the air changes. This variation 
renders the olrfervation of low altitudes uncertain, 
as the allowance for refraftion cannot be colledted 
with great precifion from any tables. The trigo- 
nometrical admeafurement of the heights of lofty 
mountains is likewife rendered lefs accurate from 
this cauie. 

V A method of difcovering the hci^t of the atmo- 
fphere is deduced from obfervations of the morn- 
ing and evening twilight. Notwithftanding the 
v«y great tranlparency of the air, it may be ren- 
dered vifible by means of the rays of light reflefted 
from its parts in all diredtions. This effe£t is feen 
when the beams of the Sun are admitted into d room 
through the window-lhutter, and may frequently 
be obferved when the Sun Ihines through the 

chafms 
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chalms or openings in a dark cloud : from whidi 
caiife k happens^ that tho& bodies which emit a 
very finall quantity of light are not to be di&erned 
in this ftrong^r light* In the day<-time the &dc& w 
are invifible, and the flame of a candle can fcarcelf 
be feen in the fun-fhine : were it not for this iUu- 
mination the (ky would appear blacky and the Aiady 
fides of objeds.^would be of a dark colaur> nCsirly 
t|ie fame as at midnight. 

The Sufl fhiiiing on the ^obe of the ear tb can x 
illuminate but one hemifphere at onoe> as has 
already been fhewn ; but it is noit fo witk the atmo>* 
fphere which environs the globe. Thus, the ^Ut}^ 
minated part of the globe temiinates at d and d^ 
(fig. 128.) but the atmofphere is enlighcened as fi*r 
as B and b. In confequence of this it In^peps^ 
that thofe parts which have already entered 'wsi9 the 
dark hemifphere, and to which therefore t^ijc Sun is 
iet, mufl: flill enjoy a degree of light that conti- 
nues as long as any of the. enlightened part of the 
atmolphere remains in view. This light, which y 
gradually decays after fun*fet, or increaies beibire 
fun-rifei is called the twilight. Let ah cod b 
(fig 129.) reprefent a fedion of the Eardi in the 
plane of the Sun^s azimuth, ajad let the fpace con- 
tained between the concentric circles reprefent the 
atmofphere : then, the Sun's rays in the direftions 
s B> sb, will illuminate half the glo^e d pd, and the 
atmofphere will be enlightened as far as a and b 09 
^ach fide within the dark hemifphere j which cn- 
li^tened part^ fo long as it coii^inues above thjc 

E 2 horizon 
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horizon of any place, will caufe a twilight at that 
place. The ray s d b is a tangent to the Earth at 
D, and meets the circumference of the atrtiolphere 
at B. From b draw the line Bh, a tangent to the 
Earth at a, which continue towards nj hN will 
then reprefent the horizon, in which the extreme 
point B of the enlightened part of die atmofphere 
will befituatedi that is, twilight will bejuft be- 
ginnihg or ending at the place a. The angle s b n, 
which is equal to the angle a e d, will be the angle 
of the Sun's depreffion beneath the horizon h n ; 

z and the angle a e b is the half of a e d. Hence, 
if the depreffion of the Sun beneath die horizon, 
and the femidiameter of the Earth be known, it 
will be eafy to find the height of the atmofphere,. 
For, in the right angled triangle a b e,' 

' As the fine complement of half 

the Sun's depreflion - - aeb8''3o' 
Is to the Earth's femidiameter - ae 3437 miles. 
So is radius - - fine 90^ 

To the hypothenufe - - - eb 3475 miles. 
The difference between which and the femidiameter . 
. of the Earth is the line h b, or height of the 

A atmofphere, 38 geographical, or 44 Englilh miles. 
The angle of the Sun's depreflion is known by the 
time elafped between the beginning or end of twi- 
light, and the rifing or fetting of the Sun ; and ft 
is judged to be twilight fo long as the illumination 
of the atmofphere prevents the fmaller fixed flars 
fronri appearing. It is alfo obferved, that the' even- 
izig are always longer than the morning twilights, 

which 
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which muft arife from the rarefaftion of the air over 
the place, after the day's fun-lhine. A iimilar 
difference is obferved between the twilights of fum- 
mer and winter. 

This explanation k fufEcient to Ihcw the caufe b 
pf the twilight. But in ftrift computation the refrac- 
tion to which the light is fubjed: three times before 
it comes to the eye fhould be allowed for, and will 
/pmewhat diminiih the height deduced* 



CHAP. in. 

CONCERNING THE CAUSES BY WHICH THE SPRING 
OF THE AIR IS ALTERED, AND WINDS ARE PRO- 
DUCED. 

TH E expanfion of air by heat, while the pref- c 
lure remains the fame, has already been taken 
notice of (40, x.) Heat therefore increafes its 
Ipring, as may be ihewn by the following ekpe- 
ment : 

Let ADB (fig. 131.) rcprefent 9 hollow glafe- o 
ball, having a narrow bent tubcAcoE affixed to 
it. The lower part of the bent tube, and part of 
the ball, is filled with merciiry, as in the figure; 
the furface a b within the ball being on the fame 
horizontal line with the furface at c in the tube. 
The parts of the mercury will then be in equilibrio, 
the external furface c being preffed by the weight 
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of the stmofpherc^ and the imemd Airface a b be* 
ing prcfled by the Ipiing of die included air, whkh 
is equal to that weight. But if die ball be immeiied 
in boiling water, the increafed Ipringof the included 
air preflingon the iurSice a b, will nufe the mer* 
rury iiom c to c, and there fuflain it, namely, at 
the hdght of S f inches, when the niercury in the 
TorriceUian tube ftands at 30 inches. And as the 
contained air is not fenlibly dilated by the-extrufioq 
of fb finall a quantity of mercury, the fuftentatioq 
may be regarded as the entire cffeGt of its Ipring, 
The fpring of the included air at the heat of boiling 
water is therefore not only equal to the weight of 
the atmofphere, but likewife to an additional prefliire 
of more than /o- of that weight. 
f By the fame inftrument, it is found, that the daf- 
ticity of the air is weakened by immerfion in very 
cold or freezing mixtures. And conclufions fimilar 
to thefe may be made by various methods, which 
the attentive learner will readily difcover, 

F In the foregoing experiment the air was pre- 
vented from expanding, in confequence of its in-- 
creafcd fpring, by the prefTure of the mercury, but 
if, inftead of putting mercury into the ball, a linali 
quantity be made to hang in the tube, as at g h, 
it will by its motion indicate the dilatation or con-^ 

G traftion of the included air. By a method fimilar 
to this it is found, that from the point o in Fahren- 
heit's thermometer to the heat of boiling water, or 
212^. common dry air expands fb as to occupy an 
Additional fpace more than before, equal to die frac- 

: • • ... . .... , 
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tion .48421 of its former bulk. But the expanfions 
of moift air are much greater *. 

It will not be difficult from thefe experiments to h 
point out the caufes of many phenomena that hap- 
pen in the air. For, if any part of the air be either 
heated, or charged with vapor, it will expand, and 
in confequence of that expanfion become Ipccifi- 
cally lighter than before* It muft, therefore, by the 
laws of hydroftatics, afcend, and the circumambient 
air muft prefs in on aU fides to fupply its place* 
Hence the caufe of the afcent of flnoke in a chim- 
ney. The air which pafles through the fire, or 
comes within a certain diftance from it, is rarefied, 
and afcends, giving place to the cold air that 
preiTes in : this in its turn becomes rarefied, and the ' 
afcending current of air continues as long as the fire 
is kept up, the wind drawing from all parts towards 
fhc chimney. 

If the fire were in the open air, the heated air i 
would ftill afcend in a current, and the cooler air 
prefs in on all fides ; that is to fay, a wind would 
be generated, which would conftantly bjow to- 
wards the fire. The quantity of air rarefied by any 
fire we can make is fo fmall, that the wind produced 
by that means is too inconfiderable to be perceived at 
foiy great diftance from, the fife ^ but the rarefactions 

^ Mufehenbroek's Cour de Phyfiqae may be confalted for 
an abflrad of what l^as been done refpeOing the expanfion of 
air by Amontofts, and others. But the mof! copious and valu- 
able (et of experiments are thofe of Col. Roy, in the Philofo- 
phical Tranfadioas, part 2. for the year 1777. 
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arifing from natural caufes are fufficient to produce 
all the winds that agitate the atmofphere. 
c The fenfible horizon is not only divided into 
360 degrees^ like other great circles, but alfo into ^ 
32 equal parts, called points of the compafs, which 
are again fubdivided into halves and quarters. The 
points of the compafs have each a fcparate name. 
The points of interfeftion between the meridian 
and the horizon are termed North and South -, and 
two other points, at the diftance of 90^ from the 
North and South^ are termed Eaft and Weft: 
thefe four are denominated cardinal points. The 
intermediate points take their names from the car- 
dinal points between which they are fituated, as in 
the figure, where the initial letters N. S. E. W. 
(fig. 132.) ftand for the words North, South, Eaft, 
Weft. 
L A wind is named from the point of the compafs 

from which it blows. 
M The dififerent winds may, with relpeft to their 
direftion, be reduced into three clafles, viz. gene- 
ral, periodical, and variable winds. 
N • General winds blow always nearly in the fame 
direftion. In the open feas, that is, in the Atlan- 
tic and Pacific Oceans, under the equator, the wind 
is found to blow almoft conftantly from the eaft- 
ward ; this wind prevails on both fides of the equa- 
tor to the latitude of 28^. To the- northward of 
the equator, the wind is between the North and 
Eaft, and the more northerly the nearer the nor- 
thern limit i to the fouthward of the equator, the 

wind 
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wind is between the South and Eaft, and the more 
foutherly the nearer the fouthern limit. 

Between the parallels of 28" and 40^ fouth lat. o 
in that traft which extends from 30^ Weft to 100* 
Eaft longitude from the meridian of London, the 
wind is v^iable^ but by far the greater part between 
the N. W. and S. W. fo' that the outward bound 
Eaft India ihips generally run down their eafting 
on the parallel of 36^ fouth. 

Beyond the northern limit of the general wind in f 
jthe Atlantic Ocean, the wefterly winds prevail, but ' 
not with any certainty of continuance. 

Ne^r the. weftern coaft of Africa, within the q^ 
limits of the general wind, the winds are found to 
be deflefbed towards the ihore to luch a degree, * 
that they are . found to blow from the N. W. and 
S. W. quarters for the moft part, inftead of the 
N. E. and S, E. as is the cafe farther out at fea. 
The general winds are ufually called trade- winds, r 
In the Atlantic Ocean, the S. E. trade-wind ex- s 
tends as far as 3^ north, and the N. E. trade-^wind 
ceafes at the 5th degree N. In the intermediate 
fpace are found calms, with rain, and irregulsmoin- 
certain fqualls, attended with thunder and lightning. 
But this fpace is fhifted farther to the nortnward or 
fouthward, accordingly as the Sun's declination is 

N 

more northerly or foutherly. 

Periodical winds are thofe which blow in a cer- t 
tain direftion for a time, and at ftated feafons 
change and blow for an equal Ipace of time from 
the oppofite point of the compafs. Thefe may be 

divided 
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divided into two clafles, viz. monibonsj or wihd^ 
that change annually ; and land and fea^i^zes^ 
or winds that diange diurnally/ 

While die Sun is to the nordiward of the equi* 
noftial, that is to fay^ in die months of Aprils 
May, June, July, Auguft^ and Septwnber, the 
wimi blows firom t;he fouthward over die whole 
extent of the Indian Ocean ; namely, between the 
parallels of aS^ Nt and clZ^ S, l^titude^ and be- 
tween the caftern coaft of Africa and the meridian 
which pafles through the weftern part of Japan, 
In the fea between Madagafcar and New Holland, 
the S, E. wind prevails as far as the equator, where 
it is deflefted, and blow^ into the Arabian Gulf and 
Bay of Ben^ fh>m the S . W, Between Madagafr 
car and the main land of Africa, a S. S^ W. wind 
obtains, and coincides with the S. W. winds in the 
Aralnan Gulf. To the northward of New Holland^ 
the S. E. wind is predominant, but Varies very 
much among the iQands ; and between the penin^ 
llila of Malacca and the Ifland of Japan, a S. S.W, 
wind prevails. All this is to be underdood for 
^ aforementicmed months. 

But in the other months, OAober, Noven>ber^ 
December, January, February, and March, a re- 
maskable alteration takes place. In the iea between 
Madagafcar and New Holland, the S. E. wind 
extends no farther to the northward than about the 
loth degree of fouth latitude, the other lo degrees 
being occupied by a wind from the oppofite point 
of the compafs, or N^ W. at the fame time that the 

winds 
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ix^tnds in all the northern parts of the Indian Ocean 
fhifi: round, and blow diite6t:ly contrary to die coqrfe 
they held in die former fix months. Thefe winds 
^c called noonfoons, or (hifting trade*¥rinds. 

Thefe changes are not fuddenly made. S<mie w 
days before and afber the change, there are cakns^ 
rariabie winds, and dreadful ftorms, at^ded wUi 
li^under, lightning, and rain. 

On die greater part of the coaits of lands lituated x 
^xtween the tropics, the wind blows towards die 
^>K>re in thie day-time, and towards the fea in die 
night. Thefe periodic^ winds are termed the land 
and fea breezes, and are mxKh afiefted, both in dieir 
•Predion and return l^ die courfes of rivers, tides^ 
^c. 

Variable winds are thofc which are fubgedted to t 
no period, either in duration or return, and arc too 
weQ known to need defcription. 

If the air w«e uniformly of the fame denfky at 2 
the iame height; and the lighter parts always repofed 
upon the heavier, it is evident that, the lateral pref- 
ibre being equal in every horizontal diredion, it 
^ould remain at reft. But if, on the contrary, any 
|)0rtiott or part of the air were heavier than the reft. 
It wouid descend, or if lighter, aicend till the equi^ 
Jibrium was ncftored ; fo that either the difplaccd 
^ir would occasion a wind, diverging from a ccn* 
cral Ipace in confequence (rf die delcent or pouring 
4down of the heavier air, or elfc the air rufhing in, 
"Would occalion a wind converging to a central 

^ace to fupply the lighter afcending (beam. It a 

* • 
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is therefore evident, that any agent that alters the 
dcnfity of a part of the air will produce a wind. 

The denfity of air is changed by compreflion, 
and by heat. Its elafticity is increafed by the 
addition of nnoifture, and eleftricity may have 
iikewife fbme effedt of the fame kind. The com- 
gfeflion the air fufFers in the natural courfe of 
events, is nearly uniform, and experiments are 
wanting to decide, whether the addition of moif- 
ture to air at any of die ufual temperatures does 
not augment its denfity as much as the increafed 
elafticity diminilhes it ; neither have any methods 
been yet devifed to fl;ew, whether air in different 
fituations w}th relpeft to eleftricity is altered in its 
dimcnfioDS. In confidejring the caufes of winds, the 
principal ageat to be attended to muft therefore t)C 
heat. • 

If the Earth did not revolve on its axis, k is 
plain that the Sun, being ftationary over one parti- 
cular fpot, would rarefy the air at that ipot: it 
would confequently afcend by the preflure of the 
circumambient, and lefs rarefied air, till it arrived 
at a region in which the air was fufiiciently rare to 
fuffer it to expand on all fides : and thus there 
would be produced a converging wind near the 
lurface of the Earth, and a contrary or divergent 
wind in the upper region of the air. But fince the 
Earth does revolve on its axis, arid the Sun there^ 
fore is not ftationary, it muft follow, that the place 
where the air is moft rarefied will be found fuccef- 
fively in every point of the parallel over which the 

Sua 
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Sun moves in the courfe of a day. Arid as this 
place conrinually nnoves to the weftwardj the lower 
air muft as conftantly follow it. Hence we have ^c 
origin of the general N. E. and S* E. trade-winds, 
which no doubt would extend over the whole of the 
ipace between the trppics, were it not for the dif- 
ferent temperatures of the continents and iflands 
over which the Sun paffes. For the furface of earth 
is more heated than that of the fea, by reafbn that 
the tranlparency of the water permits many of the 
rays of light to pafs to its interior parts before they 
are ftifled and loft* The air therefore, contiguous 
to the land, being more heated than that which refts 
upon the fea, will prevent the regularity of the 
cfFeft, Thus, near the weftern coafts of Africa and 
America, the winds blow from the . wcftward, to 
fupply the conftant rarefa(aion thofe heated lands 
produce. 

The general N. E* and S. E. trade-winds, pro- d 
ducing in the upper region of the air winds in 
the contrary diredlions, feem to be the caufe of the 
wefterly winds which are obferved to prevail between 
.the latitudes of. 28^ and 40^. 

In accounting for the monfoons, or periodical e 
trade- winds, it is neceflary to mark the peculiar 
. circumftances which obtain in the Indian Ocean, 
and which are not found in the Atlantic or Pacific 
Oceans. They feem to be thefe. That the ocean 
is bounded to the northward by fhores, whofe lati- 
tude does not exceed the limits of the general 
trade-wind, and that the general trade -wind falls on 

. ke-lhores to the wcftward. 
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r The Sun being twice in the yair vertical in the 
tqmitQrj and never departing naore than a^i^ 
from thence> caufes the air in that climate to be 
hotter than at any other place on the ocean i and h 
the occafion of the trade- wind» ad has already been 
lhewn« Such a rarefkd fpace nnuft extend acrofs 
the Indian Ocean, and produce a S. E. wind to the 
fouthward, and a N. E. wind taor Ac northward of* 
the equator, over which, in the upper regions of the 
air, the winds return in the contrary diredions. 
This we accordingly fee happens in the months of 
Oftober, November, December> Janxiary, Febru- 
ary, and March. But when the Sun declines to the 
northward, and heats the lands there, the air coa^ 
tiguous to thofe lands- becomes rarefied, and the 
lower air has a tendency to move that way. This 
tendency increafes as the Sun advances farther 
North, fo that the whole body of the lower air 
to the northward of the equator moves towards the 
northern lands, notwithflanding the equatsorial rare- 
faftion, which muft be fupplied by the upper or 
C returning current. It feems then that the body of 
the lowet air in the northern part of the Indian 
Ocean is determined as to its courfe by the greater 
rarefadtion : if the rarefadion at the furface of the 
landi be greater than that at the equator, the wind 
blowft to the North, and the contrary happens when 
the equatorial rarefadimi is greatefl. When the 
northerly trade-wind prev^ls, it blows out of the' 
Arabian Gulf upon the coafts of Arabia, Aynan and 
Zanguebar^ and is refk£bed into the flraits of 

Mofambique^ - 



|iIofamt»qtie. And at the other fealbn^ the gmeral 
foutherfy wind feems to be refle&ed to the weftwant 
by the fame caufe. 

Thefej or ibme fuch like, are probably the caufes h 
of the winds that prevail in the Indian ieas. But 
the obfervations we are in pofieffion of are too few 
and too inaccurate for the purpofe of forming a 
theory. 

On the farfte principles it will not be difficult t 
to account for the land and fea breezes. For^ be- 
caufe the land is heated in the day-time, the wind 
muft blow in fhore to lupply the place of the alcend- 
ing rarefied air : and in the night the land cools, 
and c<Midenfes the air> occasioning the land breeze. 

The circumftances that produce the variable el 
winds are refcraMe to thofe already noticed, but 
aft fo differently in particular cafes and fituations, 
that it is fcarcely pradticable to reduce them to any 
rule. 

When feveral winds converge fwifdy to one h 
pointy the air afcends with great rapidity^ and ac- 
quires a whirling motion, like that of water defccnd- 
ing in a funnel. And as the centrifugal force in 
;this whirling motion of the water is often fufficient 
to counterpoife the lateral preffure, and to prevent 
its aj^oaching the central part, it frcquendy . hap- 
pens, that a perforation is feen quite through the 
body of die fluid. In.like manner, die centrifugal 
Ibrcc of the air may become equal to the prefRirc of 
the atmolpfiiere, and confequendy leave a void Ipace 
about the center of the motion. This phenomenon 

is 
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is caired ^ whirlwind, and fometimcs produces fatal 
cfFedts* For, partly by the expanfion of the air in- 
cluded in houfes or other buildings, and partly by 
the violence of the afcending current, it happens, 
that bodies near the center of the whirl are blown up 
injto the vacuum, or carried aloft with great impe- 
tuofity in a fpiral motion. 

M If one of thefe whirlwinds happen at fea, the- 
preffure of the atmofphere being taken ofif that part 
of the forface over which the vacuum is formed, 
the water, on the principle of the Torricellian tube, 
will rife to the height of thirty-two or thirty-three 
feet before it will be in equilibrio with the external 
preflure. The afcending warm air being moft pro- 
bably charged with vajpours, will fuffer them to be 
condenfcd as it arrives in a colder region, and thus 

' the courfe of the current will be marked by the 
denfe and opake vapor, and by the continual afcent 
a cloud will be formed above. Thefe are the phe- 
nomena of water-lpouts. At firft a violent circular 
motion of the fea is obferved for a Ipace fometimes 
of twenty feet diameter ; the fea rifes afterwards 
by degrees into a tapering column of about thirty, 
feet in height, at the fame time that a cloud appears, 
from which a dark line or column defcends. This 
column is met by another, which afcends fomewhat 
like fmoke in a chimney, from the lower or folid 
part of the Ipout. . After this junction the cloud 
continually increafes till the whirl, ceafes, and the 
appearance terminates, 

CHAP- 
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CHAP. IV. 

OF SOUND; AND OF MUSIC, 

WHEN obtufe bodies move in elaftic fluids, m 
they condenfe that part towards which they 
ttiove at the fame time that the part they recede 
from is rarefied. This condenfation or rarcfadbion 
snufl: produce an undulatory or vibrating motion in 
the fluid. Thus, if a body by percufllon or other- 
>piSb be put into a tremulous motion, every vibra- 
tion of the body will e^ccite a wave in the air, which 
will proceed in all direftions fo as to form a hol- 
fow fphere ; and the quicker the vibrations of the 
body fucceed each other, the lefs will be the diftancc 
between each fucceflive wave- The fenfation ex-^ o 
cited in the mind by means of thefe waves which . 
enter the ear, and produce a like motion in a thin 
membrancf, ftretched obliquely acrofs the auditory 
paflfage, is called found. But the term is fre- 
quently ufed to imply not only the fenfation excited 
in the mind, but likewife the affeftion of the air, or 
of the fbnorous body by which that fenfation i3 pro- 
duced. Thus, we fay, that a found is in the air, 
or. that a body founds when ftruck, though the^ 
affeftion of the air or body is very tiifFerent from 
the fenfation. 

That bodies move or tremble when they produce r 
found, requires no particular proof: it is evidenj in 
drums, bells, and other inflruments, whpfc vibra* 

Vot. II, F tions 
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tions being large and ftrong,\re therefore more 
perceptible : and it is equally clear, that a fimilar 
vibration is excited in the air, becaufe this vibration 
is communicated through the air to other bodies 
that are adapted to vibrate in the fame manner: 
'- thus, bells, glafles, bafons,' and mufical fixings, 
wilf found merely by the aftion propagated from 
other founding bodies. 
Q^ It is eftablifhed as well by mathematical reafon- 
. ing from the nature of an elaftic fluid, as from expe- 
riment, that all founds whatever arrive at the ear in 
equal times from founding bodies equally diftant, 
R'This common velocity is 1142 Englifh feet in a 
fecond of time. The knowledge of the velocity 
of found is of ufe for determining diftances of 
fliips, or other objefts : for inftance, fuppofe a (hip 
fires a gun, the found of which is heard 5 leconds 
'after the fiafh is feen 3 then, 1 142 multiplied by 5, 
gives the diftance 5710 feet, or i Englifh mile and 
430 feet. 
s When the aerial waves meet with an obftacle 
* which is hard, and of a regular furface, they are 
reflefted ; and confequently, an car placed in the 
' * courfe of thefe reflefted waves will perceive a found 
^ fimilar to the original found, but which will feem 
" to proceed fnpm a body fituated in like pofitioii and 
" diftance behind the plane of refleftion as the real 
founding body is before it. This reflcfted found is 
* called an echo. 

T The waves of found being thus reflexible, nearly 
the fame in efteft as the'rij's of light; may be 

• . " defleded 
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deflefted or magnified by much the fame con- 
trivances as are ufed in optics. From this pro- 
perty of refleftion it happens, that founds uttered 
in one focus of an elliptical cavity are heard much 
magnified in the other focus : inftances of which are 
found in feveral domes and vaults, particularly the 
whifpering gallery at St. Paul's Cathedral in Lon- 
don, where a whi(per uttered at one fide* of the dome 
is reflefted to the other, and may be very diftinftly 
heard. On this principle alfo is conftrufted the i 
fpeakin^ trumpet, which either is or ought to be a 
hoUow^ijjabolic conoid, having a perforation at the 
vertex]^^' which the mouth is to be applied in 
fpeaking, oc ||je ear in hearing.. 

In addition to the advantages we enjoy from the u 
perception of found, when the fenfe of feeing can- 
not be employed, and in conveying our thoughts to 
each other by means of the afTociations formed be- 
tween words and ideas, we receive great pleafore 
from the combination of found known by the name 
of mufic. ■ ^ 

If a body be f^ruck, and the vibrations excited V 
be' all performed in equal times, the undulations 
produced in the air will be folikewife, and a fimplc 
and uniformly fimilar found will be produced, ex- ■ 
cept as to loudnefs or intenfity j for, as the vibra- 
tions grow lefs ftrong, the found decays. But if the 
vibrations, excite^ be various and dilTiinilar, a like 
variety of diflimilar undulations will be produced in 
the aiTi and the found rpuft be harfh, as if feveral 

F a founds 



68 Ht/SICAL SOUUDS^ 

ibunds were heard together. The firft of thefe 
founds is a mulical tone, and the latter a noife. 

w This is confinned by experience ; for we find 
that thofe bodies which are the moft uniform in 
their texture, and by confequence beft adapted to 
vibrate fimply and ifbchronally, always produce the 
moft mufical tones; as for example, majSes of elaf- 
tic metal, brafs, caft-iron, arid the like. And this 
tone is more flriftly mufical if. the metal be fa 
formed as to vibrate in the fimpleft rtiaiyier pof- 
fible. Thus, a hollow metdlic veffel or bell^ if it 
be well formed, and not damaged ia t&(g^tuning 
will give but one uniform mufical tcme, » at leaft 
the tones produced will confift of iStt predominant 
or principal t<*ie, and feveral others that have a 
perfect musical agreement with it. A wire of an 
uniform thickneft, fbetched over tWo hard bridge* 
or fulcrums, will produce the fame effeft. Mufical 
tones may be obtained by various means ; but it 
will fufiiciently anlwcr our prefent purpose to attend 
only to the fimpleft method wherein ftrin^ or wirts^ 
are made ufe of. • 

X Experience and reafoh have eftabliflied the fM- 
lowing poGtions refpe<9ting the vibrations of chords 
or ftrings. 

y The forces or weights which are neceflTary to 
draw an extended chord ab (fig. 133.) out of its 
place to the diftances ce, cf, eg, are diredly 
proportional to tliofe diftances,, provided the chord 
be not too much drawn afide; 

TliiPre* 
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Therefore, fince the forces with which th? chord z- 
returns to its firft fituation, when fct at liberty, are 
always in proportion to the fpace it has to palS 
through, the vibrations muft all be performed in 
i^qual times. 

If chords differ only in thicknefs, the times of a 
their vibrations will be directly as their diameters. 

If chords differ only in tenfion, the times of 9 
their vibrations v/ill be invprfely as the fquare roots 
of the weights by which they are ftretched. < 

If chords differ only in length, the times of their c 
vibrations will be diredlly as their lengths. 

That tone produced by a ftring that vibrates o 
quickly is termed acute or Iharp, when compared 
vith the tone of ^ ftring that vibrates flower ; and 
the tone produced by the latter is called grave or 
flat, when compared with that of the fomier. 

If two chords be flruck, either at the fame inftant i 
or in immediate fuccefljon, the coincidence of found 
is pleafing or difpleafing, accordingly as the two 
tones produced ftand related to each other in gra- 
vity or acutenefs : if they be fo related as to afford 
pleafure, the coincidence is called a concord, but if 
not, it is termed a difcord. 

A fct of tones which follow each other, and afford f 
pleafure, is called melody ; a fee of cotemporary 
tones which afford pleafure, is called harmony. 

The more frequendy the vibrations of two chords o 
coincide with each other the perfedter the concord 
will bci thus, two equal ftrings, equally ftretched, 
will ^ach givp the fame tone ; the vibrations of the one 
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" will coincide with thofe of the other, and the con* 
cord will be moft perfedl : again, two firings, differ- 
ing, only in length 5 the one being half the kngth 
of the other, will vibrate the one twice while the 
other vibrates once, the coincidence will be at every 
fecond vibration of the fhorter firing, and a concord 
will be produced, but lefs perfeft y if the firings be 
in length as 2 to 3, the coincidence will be lefs fre- 
quent, namely, at the third vibration of the fhorter 
ftring, and the concord will be flill lefs perfeft : and 
fo forth. 

H By the help of thefe principles all flringed in- 
flruments are conflruftedj that feries of mufical 
tones being feledled, which experience has fhewn 
to be beft adapted for the purpofes of melody and 

I harmony. The feries is called the diatonic fcale> 
and its properties, together with the names of the 
tones, may be feen in the following fcheme : 

Names. Lengths. Perfedion. 



damental S 


' I : 

1 


I Mofl perfecft concord. 


Second - 


10 : 


9 Difcord. 


Third greater 


5 • 


4 Imperfeft concord. 


Fourth - - - 


- 4 : 


3 Imp^rfeft concord. 


Fifth ^ - ^ 


9 • 


2 Perfect cbncord. 


Sixth greater 


• 

• 5 •• 


.3 Imperfeft concord. 


Seventh greater 


IS - 


8 Difcord. 


Oftave - 


n I 


I Perfeft concord. 



K 



. The above is called the fharp feries, in contra- 
diftinftion to the flat feries, or fcale, wherein the 
third, fixdi, and feventh are lefs or flat, being in 
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the ratios of 6 : 5, 8 15 and 9:5. There are 
likewife other intermediate tones ufed in praftice, 
as the fccond lefs, and fourth greater, whofe lengths 
areas 16 : 15, and 7:5. All thefe are found 
in the conftruftion of inftrumen'ts; that by thef^ 
means the performer may place his fundamental, or 
principal note, on any of the tones at pleafure, and 
ufe the other tones which {land in the aboye rela- 
tions to it ; fuch being found fufEciently near for 
practice, though not fo perfeftly accurate as in the 
fcries the inftrument is formed for. 

The notation of mufic, and the relations of difFe- h 
rent fcales t;o each other, together with the other 
particulars on which the rules for compofition 
and accompanyment depend, require too copious 
WJ explanation to be admitted in this place. 
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CHAP. V. 

A DESCRIPTION OF VARIOUS INSTRUMENTS, COIft 

SISTING CHIEFLY OF 3UCIf AS DEPEND ON THIl 

'P5^0PERTIES OF THE AIR FOR THEIR EFFECTS, 

M 'TT^ H E mercury in the Torricellian tube ftands 
X ^t the height of about thirty inches, by mean^ 
of the preflure of the air; and in confidcrjiig the 
phenomena of wi|ids, we have feen that this prefr 
iure. is not every where alike, nor always the fam(? 
at any paj* ticular place* Jn qonfequence of this \% 
happens, th^t the mercury in the Torricellian tube 
does not preferye the fame ipvariable altitude : for, 
when the air ^^t any place is denfe^ the mercury 
ftands at a greater height than when it bfecomej 
lighter (32, b) : thus the tube beconncs an in-? 
|lrument to indicate the varying weight of thq 
atmofphere, ^nd when fixed in ^ proper framp 
with graduations to meafure the altitude of th^ 
mercury, is known by the name of the barometer, 
The variations are between the altitudes pf 27 i 
and 304- inche?. 

K The height^ of tv?o barometers cannot be com-? 
pared together with any exaftnefs, unlefs they be 

, |x>th conftrufted in the beft manner, The Ipecific 
gravity of the included piercury ought to be accu- 
rately found J and it is neceffary to boil it in the 
tube, for the purpofe of effeftually excluding the 
jir and moifture from within. If the furfacc of the 
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merciiry expofed to the air be larger than that in 
the tube, and this laft be lefa than half an inch 
in diameter, the mercury will not rife to its full 
height. This difference ought to be known, and 
pillowed Cor between different barometers. 

The inftrumcnt, fig. 131. is ufed under the o 
name of the marine barometer, it being ufcful at fea, 
where the common barometer is of little fervice, on 
account of the fhip*s motion, which caufes the mer- 
cury to librate up and down in the tube. But as 
this barometer is fubjeft to alteration, on account 
of heat' and cold, as well as on account of chango 
in the weight of the air -, and the diftinguifliing 
the effefts of each is attended with fome little trou- » 
ble, it is not much in ufe on fliore • 

There are many contrivances for enlarging the f 
divifions on the barometer, fuch as inclining the 
tube, and the like i but they are all fubjeft to in- 
conveniences, on account of friftion, which the 
upright barometer is free from. 

An inftrument fimUar to the marine b*arometef q. 
was formerly made ufe of to indicate the varying 
temperature of the weadier. For the marine baro- 
meter is alio a thermometer, and its variations being 
thus occafioned by two caufes, prevent its being 
applied to either purpofe. The thermometer, or in- 
strument ufed to exhibit degrees of heat and cold is 
therefore conftrufted by the ufe of other fluids. 

The property of expanfion by heat not being r 
peculiar to air, but common to all bodies, we are at 
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liberty to choofe any fubflance in nature for a thcr** 
mometcr. In this choice it is required, . that the * 
body made ufe of fhould be fuch, thsif its expanfions 
may be the efFeft of heat alone, that they may be 
eafily and . correftly meafured, and that the body 
may be capable of - performing its office in tempe- 
ratures very diftant from each other. As the pref- 
Hire of the atmofphere is not confiderable enough to 
alter the dimenfions of denfe bodies in any &a- 
fible degree, it is plain that their mutations will 
indicate the effedls of heat alone, and confe- 
quently they muft be very proper for the matter 
of thermometers : but thefe mutations being very 
irnall in proportion to the whole bulk, folid bodies - 
muft be inconvenient for die purpofe, on account 
of the great length required to malce them percep- 
tible : but in fluids, by means of proper vefTels, it 
will be vcafy to render the leaft alteration vifible ; 
for if die neck or ftem of any glafs-veffel be very 
fmall in proportion to the contents of the bulb or 
bottle, the leaft expanfion of the included liquor 
will occafion a vifible rife in the neck. Thus, a b 
(fig. 134.) reprefents a glafs-tube, whofe end a is 
blown into a ball : this ball, and part of the tube, 
being filled with quickfilver, the leaft change of 
the bulk of the quickfilver, and confequently of the 
temperature of the circumambient air, or contigu- 
ous bodies, is fhcv/n by a rife or fall of the fur- 
face in the tube ; the quantity of which is indicated 
by the fcalc a b, affixed to the frame of the inftru- 

ment. 
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Quickfilver is the bell fluid for thermometers, t 
becaufe it is not fubjeft either to alter its expanfibi- 
lity, or to foil the tube, and gives befides a very 
cxtenfive fcale of divifions. The thermometer ufed 
in Britain is graduated according to the fcale of 
the celebrated Fahrenheit. There are 1 80 divifions 
or degrees between the freezing and boiling water 
points 5 the freezing point being reckoned 32^ 
above o, or the commencement of the fcale *• The 
degrees are counted both upwards and downwards 
from o. A good thermometer mufl: poffefs the 
following properties. The upper end muft be her- 
metically fealed^ and the empty fpace above the 
quickfilver muft contain no air, or at moft very 
little. This circumftance is afcertained by holding 
the inftrument with the ball uppermoft -, in which 
lituation the mercury will immediately run fo as to 
fill the whole capacity of the tube. The fcale muft 
be well adjufted, and divided according to the 
capacity of the tube. To prove this, let the ther- 
- mometer be taken from its fcale, and laid in fnow, 
or pounded ice, juft beginning to melt : it fhould 
be covered nearly as high as the freezing point, or 
32^ is fuppofed to lie. When the mercury becomes 
ftationary, mark the tub6 with the edge of a knife 
where it ftands, or, if there be a mark ready madei 
fis there commonly is, obferve whether it accurately 

* Reaumur's fcale, principally ufed by the French, begins 
at the freezing point, and proceeds both ways from o. From 
freezing tcr boiling water is 80 degrees, 

agrees 
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agrees with the furface of the mercury ; if it docs, 
the freezing point is well fettled. Wrap now fcyeral 
folds of linen rags or flannel round the tube of the 
theiHHMneter nearly as high as the. fuppofed boil- 
Jljg poiat i hold the ball of the thermometer in th^ 
^cending current of boiling rain-water about two 
or three inches below the furface i pour boiling 
water on the rags three or four times, waiting a 
lew feconds between each time, and wait fome 
feconds after the laft time 6f pouring on water be- 
fore the boiling point is marked on the tube, ii\ 
order that the water may recover its full flxength 
of boiling, which is confiderably checked by 
pouring on the boiling water. This laft experi- 
ment muft be made when the barometer ftands at 
^19.8 inches. The adjuftment of the fixed points 
being thus afcertained, faften the thermometer again 
to its fcale, and agitate it fo as to break or divide 
the thread of mercury in the tube* By varioufly 
inclining tjie inftrument the feparated portion of 
piercury may be made to reft in difFei^nt parts of 
the tube, and its length obfervcd on the fcale. If 
its length in every part of the tube correlponds to 
the fame number of degrees, the fcale is well 
divided. This laft objedl is by no means to be 
neglefted : for it feldom happens that the diameters 
of thernriometer-tubes are fufiiciently regular to 
admit of a fcale divided into equal parts. Such 
a fcale will ufually produce an error of upwards 
q{ ^ degree near tb^ temperature of 120^, though 
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t!ic fixed points be ever fo well fmkd; and in 
fome inftances' the error may even annount to foiHr 
or five degrees. 

Thermometers with fniali bulbs, and tubes in u 
proportion, are the moft ufefiil. For a large vo- 
lume of mercury requires a confiderable time to be 
either heated or cooled, and if it be immerfed in 
any liquid, it will change the tempefitture of the 
liquid much more than a fmaller inftrument Would 
have done, and confequendy is lefs adapted to 
Ihew th^ temperature of the liquid at the time of 
its immerfion. If the fcale of a thermometer be 
of a dark fcolour, and the thread of mercury fmall, * 
its ftation will be rendered more difcernible by flip-^ 
ping a piece of white paper behind the tube. 

The preffure of the atmolphefe on the otitfidc of v 
a thermometer not being counterafted by the Ipring 
of any included air, is exerted in diminilhing the 
fize of the billb, and fuftains the mercury fome- 
what higher than it would ftand, merely by reafon 
of its temperature. This is proved by breaking 
off the fealed end of the tube ; in confeqtience of 
which the mercury immediately falls* This quan- 
tity varies with the weight of the atmo(phere, but 
the quantity of the variation can feldom amount to 
more than the tenth part of a degree. Thermome- 
ters with Ipherical bulbs are lefs a£ted on by the 
weight of the atmofphere than others. 

If the betit tube ced (fig. 135.) be filled with w 
water, and the fhorter leg e c imm^ed in the 
water contained in the veflcl a b, the: water will 
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all flow out at the aperture d, arid the veflel will be 
emptied. For the preffure that fupports the water 
in the leg c e is equal to the weight of the atmo- 
Iphere, and is counterafted by the weight of the 
column E c, and the preffure that fupports the water 
in the leg de is the fame weight, but counterafted 
by the column e d. And as e d is longer than e c, 
the preffure of the atmolphere oh d will be lefs 
effeftual than that on c j confequently the whole 
inafs of water in the tube will move towards the 
orifice d, receding from the greater preffure. This 
inftrument is called a fyphon, and is fometimes ufed 
to draw liquors out of caflcs that are fb placed as 
not conveniently to be moved. 

A very probable account of the caufc of intermit- 
ting fprings may be given on the principle of the 
fyphdn. For, let gfc (fig. 136.) reprefent a ca- 
vity or receptacle in the bowels of a mountain^ 
from the bottom of which c, proceeds the irregular 
cavity or fyphon ced: then, if by iprings or 
otherwife the receptacle begin to fill, the water 
will at the fame time rife in the leg c e of the 
fyphon till it has attained the horizontal level h h : 
when it will begin to flow out by means of the 
leg E D, and will continue to increafe In the quan- 
tity difcharged, as the water rifes ftiil higher> till 
at length the fyphon will emit a full fteam, and by 
that means empty the receptacle. At this period 
the ftream will ceafe, till the receptacle being again 
filled, will again exhibit the fame appearance. And 
thefe periodical returns of flood and ceffation will 

be 
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be regular, if the filling of the relcrvoir be fo j but 
the interval of the returns muft depend on the 
dimenfions of the apparatus, and the quantity of 
water furnifhed by the fprings. 

The adion of that very ufeful inftrunnent the y 
common pump, depends on the preffure of the atmo- 
fphere- It tonfifts of a pipe c d (fig. 137.) whofe 
lower end c is immerfed in water : at b is fixed a 
valve, opening upwards, and in the foperior part 
of the tube is worked a pifton a, fitted very clofely - 
in the pipe by means of leather. In this alfo is a 
valve opening upwards. Now, if the part above b 
be filled with water, to render the whole air-tight, 
the pifton a being thruft down to b, and afterwards 
raifed, will leave a vacuum or void Ipace between 
• B and A, into which the air contained in the lower 
part of the pipe c b, will expand itfdf. The fprrng 
■ of this air being thus weakened by the expanfioa, 
will no longer counterpoife the efFeft of the preflurc 
of the atmpfphere, and the water will rife in the tube 
till the equilibrium is reftored. By deprelTing the 
pifton A, the valve b is fufFered to clofe, and a part 
of the air between the valve and pifton efcapes 
through A. After a few ftrokes, the whole of the 
' included air is extirafted, die water rifes throusrh the 
valve b, and is difcharged by the pifton a. This 
operation may be continued, at pleafure. But if 2 
, the height b c be more than 34 feet, the water 
will not rife to the valve ; for a column of frefli 
water^of that length being equal to the weight of' 
the atmolphere^ it can be raifed no higher by that 
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weight. Thus it happens for the fame reafon that the 
mercury in the barometer never rifes beyond a 
certain height ; and if a pump, finifhed with the 
utmoft exaftnefs on the principle here defcribed, 
be made to work in mercury, it» will not raife it 
beyond that height. 

The fire-engine aAs by means of the weight 
and elafticity of the air. For it is compofed of* 
two barrels, e and d, (fig. 138.) in each of which 
a folid pifton or plunger is worked by means of a 
double . lever. Thejfe barrel^ communicate with 
the waiter by a - pipe, not exprefled in the figure : 
they alfb,comm\jnicate with the ftrong cylinder or 
veffel cc, by .the pipes l and t. At m and k in 
the barrels are valves opening upwards, and at l 
and T are v?Jves which open towards the cylinder- 
In the figure, the pifton in d being railed, the 
water rufiies in at k, while that in e being de- 
prefled, forces its contents into the cylinder 
through the valve t. At the next ftroke the barrel 
E raifes the water, while the contents of the barrel 
D are forced into the cylin4er: and thus the alter* 
nate aftions of raifing and forcing may bq cCnti^ 
nued at pleafure. Now, the water being forced 
into the cylinder, comprefles the air cfe^ntaihed 
within into a fmall fpa^e -, and this air reacfling on 
the water, drives it in a continual ftream mrough 
the pipe p o qji, which may be diredted as neceflity 
Ihall require. 

The great force of compreflTed'air is fhewn bf 
many e^cperiments, particularly in the performance 
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WIND GUN. FOUNTAINS. 8x 

• 

<tf the wind-gun. Fig* 13$. reprefents a fe6Hon of 
this inftnunent. ak is the barrel^ containing a 
ball at K. This barrel is contained within another 
larger tube c d k e^ and in the intermediate cavity, 
the air is comprefled and kept, m n is a cylindn-* 
cal cavity in the flock or butt end of the piece, in 
which a.pifton works, for the purpofe of forcing 
the air into the before-mentioned cavity. The air 
is prevented from returning by the fhut or valve 
p, which is opened by the air, as it is forced in, 
but at other times, is kept fhut by the ipring of 
the included air. At l is placed another valve, 
prefTed clofe by means of a fpring on the orifice of ' 
the barrel, to prevent the air from efcaping. A 
wire pafling through a hole, rendered air-tight by 
wet and greafy leather, is affixed to this valve, 
and appears afterwards at o, in the form of a trig- 
ger* When the trigger is drawn back, the valve 
X. opens, and the air rufhing out, drives the ball 
with a force that fcems not much lefs than if it 
were difcharged from a mufquet. 

A variety of curious and pleating fountains may c 
he formed by the help of the properties of the ai 
combined with hydroftatical principles. The fo! 
lowing is one of the fimpleft. abcd (fig. 140.) is 
copper vefTel, near two-thirds filled with water : 
<M is fcrewed in the tube i o, the junftion bein 
made air-tight by means of wet and greafy leather, 
and in the upper part of the tube is fixed a flop- 
xock H. The flop- cock being opened, a forcing 
fyringe is fcrewed on, at i, and a great quantity of 
. Vol. II. G air 
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air injcftcd, whence the air in die cavitjr a art 
being very much condenfed, prcflcs on die ibrfac^ 
of die included water. The fl»p-cock bemg then 
ihut> die fyringe is removed> and an adjutage 
fcrewed on in its place s dirough whichj if the 
ftop-cock be again opened> the water will ipout 
forth with great violence* 

Fig. 141* is a drawing of a very ingemous ibun-' 
tain, whofe conftruftion will be better underiSxxxi 
from the feftion exhibited in fig. I4tz. bc is an 
open dilh, or veffeL r s and t u are refervcirs for 
water ; each of which is divided into two by the 
partitions v i and x y ^ The tube e f paflcs through 
without communicating with the upper rcfcrvoir^ 
and ferves to convey w^er from the bafon ^c i» 
the part t x y of the lower refervoir. The tvrhe ^ x 
forms a communication between the part t x y of 
the lower, and r v i of the upper refervoir. Th* 
tube I K forms a communicatibn between the part 
11 V I of the upper, and y x u of the lower refer voir* 
And the tube m l forms a communication between. 
the part yxu of the lower, ^nd ivs of the xipper 
refervoir. Laftly, there are openings at kp q^, ta 
fill or evacuate the refervoirs, and an adjutage pipe 
D I comnfiunicating with the part i vs. The oiade 
of aftion is this : water being poured into the up*- 
per refervoir by the openings o and n^ the foutti- 
tain is fet upright, the openings being previoufly 
clofed, and alfo the adjutage D. The bafon bc 
muft then have water poured into it till it ceafes 
to run down the pipe ef, la this ftate the 
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fountain may be faid to be charged. For the 
water that has paffed down e f condenfes the air 
in the part txy, and alfo in the fupcrior part 
R y I, by means of the tube of communicarion o h* 
In the fame nlanner the water pafles from the up*- 
per rcfervoir down the tube ik into the other 
lower part y x u, and condenfes the air there as well 
as in the other upper part vis, by means of the 
pipe of communication ml. The water in the 
upper part v i s is therefore preffed by air condenled 
by the weight of the column ik, and alfo of the 
column E F> becaufe i k is in effeft preffed by this • 
laft. Open the adjutage d, and the water will 
iffue out and rife (20, b) to nearly the height 
of both the columns ef and ik together. The 
water in both thole columns muft defcend, but as 
the tube e f is fupplied by the falling jet that if- 
fues out of the chamber v i Sj while the tube 1 k is 
iupplied by the water from the chamber r v i, the 
fountain will continue to play till the upper cham- 
beris v i s and R v r have refpeftively emptied them- 
felves into the lower chambers txy and yxu. 

In many mechanical engines^ where the force ^ 
of an elaftic fluid is required, the fteam of boiling 
water is made ufe of, becaufe it is eafily obtained, 
is prodigioufly elaftic, and may be quickly de- 
prived of its elafticity. 

The ,firft engine we have any account of, fpr p 
railing water by the force of fteam, was conftrudted 
about a century ago upon the principle of the fi- 
gure, (fig. 143.) where h reprefents a copper 
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boiler placed on a furnace, s is a ftrong iron 
veffel communicating, with the boiler by means q{ 
a pipe at top, and with the main pipe ab, by 
means of a pipe i at bottom, a b is the main pipe 
immerfed in the water at b. d and c are two fixed 
valves, both opening upwards, one being placed 
above, and the other below the pipe of commu- 
nication I. Laftly, at G is a cock that ferves'oc^ 
cafionally to wet and cool the veffel e, by water 
from the main pipe, and f is a cock in the pipe 
of communication between the veffel e and the 
boiler. 

The engine is fet t6 work, by filling the cop- 
per in part with water, and alfo the upper part of 
the main pipe above the valve c, tlie fire in t|ie 
furnace being lighted at the fame time. When 
the water boils ftrongly, the cock f is opened, the 
fteam rufhes into the veffel e, and expels die air 
from thence through the valve c. The veffel e 
thus filled, and violently heated by the fteam, is 
fuddenly cooled by the water which falls on it upon 
turning the cock o, the cock f being at the fame 
time fliut, to prevent any frefh acceffion of fteam 
from the boiler. In confequence of this, the fteam 
in E becoming condenled, leaves the cavity with- 
in almoft intirely vacuous : the preffure of the at* 
iirtofphere at b, therefore, forces the water through 
the valve d till the veffel e is nearly filled. The 
condenfing cock g is then ftiut, and the fteam 
cock F again opened ^ the fteam ruftiing into e, 
expels the water through the. valve c, as it before 
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did rfi© air. Thus e becomes again filled with hot 
ileam, which is again cooled and condenfed by the 
water from g, the fiipply of fleam being cut off 
by fhutting f,, as in the former operation : the wa- 
ter confequently rufhes through d, by the preflTure 
of the atmofphere at b, and e is again filled. This 
water is forced up the main pipe through c, by 
opening f and fhutting g, as before. It is eafy 
to conceive, that by this alternate opening and 
ihutting the cocks, water will be continually 
raifed, as long as the boiler continues to fupply 
the fteam. 

For the fake of perfpicuity, the drawing is di- h 
veiled of the apparatus that ferves to turn the two 
cocks at once, and of the contrivances for filling 
the copper to the proper quantity. The engines 
of this conftruftion were ufually made to work 
with two receivers or fleam vefTels^ one to receive 
the fleam, while the other was raifing water by 
the condenfation. This inflrument has been fince 
improved, by admitting the end of the condenfing 
pipe g into the vefTel e, by which means the 
lleam is more fuddenly and efFeftually condenfed 
dian by water on the outfide of the vefTel. 

The advantages of this engine are, that it may i 
be erefted in almofl any fituation, requires but 
little room, and is fubjeft to very little friftion in 
its {)arts : its difadvantages are, that great part of 
the fleam is condenfed, and lofes its force upon 
coining into contaft with the water in the vefTel e, 
and rhat the heat and elaHicity of the fleam mufl 
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be increafcd in proportion to the height the w^e^ 
is required to be raifcd to. On both thefe ac- 
counts a large fire is required^ and the copper muft 
be very ftrong, when the hei^t is conii4erable^ 
otherwife there is danger of its burfting. The fol^ 
lowing engine is much to be preferred when the 
work to be done is heayy^ and is lefs chargeable 
in fuel, becaufe it afts by means of lleam whofc 
denfity is not much greater than that of the com- 
mon air. 

fi In fig, 144. H reprefents the copper boiler on 
its furnace, e is a cylindrical veflTel of iron, in 
which the pifton 00 nioves up and down; the 
edges of the pifton' being armed with oakuni and 
greafe, render the whole cavity between the pifton 
and the bottom of the cylinder air-tight, f is 4 
cock to admit fleam into the cylinder from the 
boiler. I K is a lever, attached to the piilxm at i, 
an4 at k to the piflon of a pump which work$ 
pn that fid^, PQ^is a folid pifton moving in the 
pipe RM, and loaded with a heavy weight at f, 
A B c is the main pipe that receives the water forcccj; 
from RM through a valve c opening outwards, 
'f^ is a|i air-veflel communicating with the main 
pipe. D is a valve opening upwards^ and at Af 
is the Y^ater to be raifed, . 

If In t|ie drawing, the engine is reprefente4 in the^ 
pofition it has at die end of a fqrciilg ftrcdcej^ 
which is likewife it§ pofition when at reft, Sup- 
pofe the main pipe a b c to be filled with water, 
^nd the y^mr in the copper h to bpil ftronglyt 
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The cock f being then opened, the fteanm ruflies 
iBto the cylinder, ajid being much lighter than the 
air, rifes to the top, and expels the air tlvough a 
valve in the bottom of the cylinder. This being 
atcompliflied^ f is ihut, and the cock c conimu* 
iiicdting with the main pipe is opened, which imme- 
diately condenfes the fteam, by violently Ipouting 
cold water againft th€ bottom ^ of the pifton. A 
vacuum being thus obtained, the prcflure of the 
, atnxrijAere forces the pifton down to the bottoiji 
Hi the cylinder j the lever i k b nwved of courfr, 
iflie pifton p. Q^ with its weight is r^iifed, and the 
iwatcr afceads in the pipe m ?l upon the principle 
of the common pump. The cock o being now 
fii'Ut, and F opened, the fteam enters the cylinder, 
jmd xrounterads the prefilire of the atmoiphere on 
^e pifton oo« In con&quence of this, the weight 
9 prevails, and drives down the pifton r q^, fi)rcing 
the water through the valve c into the main pipe 
and its air vefleL The life of the air veflel is to 
prevent the main pipe from burfting by the fudden ' 
.entrance of the water; for the air at n being 
elaftic, gives way to the ftroke, and its reaftion 
during the time of elevating the pifton .p.q^ con- 
tinues the motion of the water, fo that its velocity 
.is no .n>ore than half what it would haye been if 
it had been impelled by ftarts, and refted during 
the raifing of the pifton. By opening the cock o 
aad ftiutttng f, the fteam is again condenfed, the 
preffure of the atmofphere again prevails, and thus 
the work may be continued at pleafurct 
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M ' *ln this drawing likewife, the mechanifin is omit« 
»ted, that lei ves to open and Ihut the cocks. This 

' oifficc is performed by a beam and ropes attached 
f o the lever i k 's fo that the attendance required is 
"fi^ry little more than is neceffary to fupply the 
boiler with water, and to prevent the fire from 
going out. 

N ' The chief advantage of this engine beyond the 
former is, that the water may be forced to any 
height without increafing the force of the fteam, 
which never need be much greater than that of the 
atmofphere; and therefore the boiler is very little 
endangered. The maximum of its power depends 
upon the area of the pifton o o j for the larger 
the area, the greater the column of the atmofjphene 
that prefles it, and confequently the heavier the 
weight p may be. If o o be 36 inches in diameter, 

. it will be preffed by a column of the atmolpherc 
equal in weight to a column of mercury of that 
diameter, and 30 inches in height ; that is to lay, 
almoft 7 ton. 

o But, notwithftanding the great fldll and con- 
trivance difplayed in this engine, it is at prefent 
almoft entirely fuperfeded by one of a much better 
conftruftion, invented and pcrfefted by Meflrs, 
Watt and Boulton, of Bimningham. In their en-. 
gine, inftead of the pifton o o being depreffed* by 
means of the weight of the atmofphere, the fteam 
i? throv^n upon it, the upper part of the cylinder e 
being clofed, and the rod l, which is fmooth and 
polifhcd, being admitted through a perforation^, 
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i^rhjch is wadded fo as to be air-tight. The afcenc 
of the pifton is obtaiDed by letting the fteam out 
of the cylinder into a veffel at a coniiderable dil^ 
tance, where it meets with, and is condenfed by % 
jet of cold water; while a vacuunn is conftandy 
maintained in the lower part of the cylinder by the 
aftion of the pump that carries ofF the injedion 
water. The force of fteam employed in this en* 
gine. is ufually equal to one atmolphere and a 
quarter, and the whole apparatus is regularly- 
worked by the principal lever i k. The advantages 
of this conftruftion are, that by increafing the force 
of die fteam. the power of the engine may be in- 
creafed, without enlarging the diameter of the 
cylinder ; and a lefe expence of fteam is requited 
on account of the coridenfation being i performed at 
a diftance froni the cylinder, which is not there- 
fore cooled by the injeftion of the . cold water. 
This laft circumftance renders the engine capable 
of making a greater number of Arokes in a mi'- 
nute with a much lefs expence of fuel thdn the old 
engine. In fome of the lateft improved engine$ 
the aftion of the fteam is rendered equal on the 
lever, by adapting the figure of the arch at its «- 
tremity, fo that the lever is in effeft rendpred 
longer, towards the end of the ftroke, where the 
power of the fteam is weaker. 

The elafticity of the air affords a method of ^ 
determining the depth of the fea in places where 
a line cannot be ufed. Fig. 145. is a machine 
for this purpoft, a r^prefents a large ball of fir 

or 
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ht 6thtt £ghc mood, varniihcd over> to pitienrs 
it from the tStSts of the water ; b is a hollow 
gbfs>efiel, whofe contents in fea-wacer are exadtly 
known; iujq)ol€, for inftance^ two potmds: its; 
f/edn c tenninaies in a finaU orifice, and is bent 
cto^nwttitdSy to prevent the efcape of the included 
mt, when it is immerled in water. At £ is a 
<pring4iook> whicii, if at liberty, would ftand in 
the pofittotfi e, bat is prefied through a flit in the 
ftem at the bottom, and kept to its place by hook- 
sfig on the weight d. The whole inArument thus 
l^repared is fufiered to fink in the water. And 
die cOnfequence is, that as it finks, the prefiUre 
w£ the wscer continually increafing, forces its way 
wto the veflfel, and condenfes tl^ air contailied 
within ; but when it arrives at the bottom, the 
"Wdgiit o flriking firfl:, is flapped, while the reft 
rf the apparatus proceeds a litde onwards, by rea- 
fsfn 0f its acquired velocity. The hook £ being 
^s di&ngaged from the weight, flies back, and 
libaves it intirely, fo that the ball a is at liberty to 
0it agaili to the furface. From the quantity of 
water contained in b at its emergence, it is eafy 
-m determine the depth it has defcendcd to. For, 
fm&t die dcnfity of air is as the comprefling weight, 
fke bulk g£ the fame quantity of air under dif- 
ferent prefliures, muft be inverfely as the weight. 
And experiment fliews, that the mean weight of 
irfjc otmolphere is equal to about 32 feet of fea- 
warer: therefore,, at the depth of 32 feet, the air 
ibduded in the vefici c will fufl;ain the preflure of 

two 
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ttfO atiiwfpheres, and confequcntly will hd t6i^ 
dcnfed into half its former fpacc j at 64 feet depth 
it will fuftain the prefTure of three atmolpherts, and 
be condenfed into one thijrd of its firft fpacc, and 
fo forthv Suppofc, for cxaihple, a* tchpty ball, as 
above defcribed, capable of holding two pounds 
troy of fea- water, were to defcend to an unknown 
depth in the fea, and at its return was found t6 
contain ilb. iioz. iSdwts. of water, ft is re- 
quired to find the depth ? Then, as the biHk the 
air was compreffed into, when at the bottom of tht 
fea, which is expreffed by'adwts. Is to the bulk 
(6)f the air before immerlioni exprcl&d by alb. Sd 
is the weight of the atmcxfphere, by which the air 
was compreffed before imnierfion, whidi is ex- 
preffed by 32 feet of water. To the weight by 
which the air was comprefied when at the bottont 
of the fea, 3840 feet. Ftom which dedud 32 
feet for the preffure of the atmolphere, and the 
remainder, 3808 feet, indicates the depth of the 
iea. 

This method is fiibjeft to two objeftions. The q^ 
firft is, that probably the . Ipecific gravity of the 
fea may be different at different depths, and con-* 
fequently the preflures may not be as the depths : 
the other is, that air in very great condenfations 
does not ftriaiy follow the ratio of the preffure, 
but refifts in a greater degree, A careful feries at 
experiments may however indicate the allowances 
neceffary to be made on both accounts, and in 
jhiall, depths the iqftrumcnt is fulEcienriy accurate' 

on 



^t THE DIVINO BELL. 

oa the principle already laid down. If this inflru«^ 
nient were to be applied to meafure confiderable 
depths, the temperature of the fubmarine regions 
ivould require tp be found and allowed for. 

It is a well-known faft, that an empty veflel, 
ihat is to fay, a veffel containing air, immerfed in 
water with the mouth downwards, will not be- 
jcome filled, becaufe the Ipring of the air will pre- 
vent the water from entering, as may be eafily feen 
by the help of a wine-glais. The diving-bell is 
coiiftrufted on this principle. It confifts of a large 
veffel, or kind of calk, fo loaded with lead as to 
link when empty, with the mouth downwards. In 
the top is fixed a cock to let out the air, and a 
ftrong pane of glafs to afford light to the divers, 
who fit on a circular bench in the infide. This 
machine is lowered into the water about twelve 
feet at a time, and at each paufe air is fent down 
^n fmaller bells to the divers, and by them received 
into the cavity of the great bell, for the purpofe 
of expelling, the water that enters as the preffurc 
condenfes the included air. After it has arrived 
at the bottom of the fea, the operators continue 
by the fame means to replenifh the air which be- 
comes foul by breathing, fuffering the impure air 
to efcape by the cock in the upper part, as they 
receive frefh air by the barrels or fmall bells j lb 
that by this contrivance they can remain under 
water as long as they pleafe. 

The air-balloon is of two kinds j the one in- 
tended to contain heated air^^ and the other in- 
flammable 




' THE AIR BALLOOTK. ^3 

ffamrttable air. Hot air occupies more fpacc wien 
colder (54, o), and inflammable air is moch 
lighter at a ^ivcn temperature than the common 
air of the atmofphere* From this it follows, 
that any mafs of cither heated or inflammable 
air, if at liberty, will afcerid in the atnnafphcrc 
with a force of buoyancy equal to the diflFe- 
fence between its own weight and the weight of 
an equal bulk of common air (9, b)* If the 
heated or the inflammaUe air be included in a bag^ 
and the weight of the bag- be Icfs than the dif^ 
ference juft mentioned, the bag will be carried up- 
wards, though with a lefs degree erf" force, namely, 
with a force equal to the difference leilened by the 
weight of the bag. This is commonly caUed an 
air-balloon j which, though its figure is not efibii^ 
tial to its property of afcending, we will fuppofe 
to be a globe. If the magnitude of a balloon be t 
increafed, its power of afcenfion, or the difference 
between the weight of the included air and an 
^equal bulk of cdmmon air will be augmented in 
the fame proportion -, that is to fay, in proportion 
to the cube of its diameter. But the weight of 
the covering or bag will not be increafed in fo 
great a proportion. For its thicknefs being fup- 
pofed the fame, it is as the furface it covers, or ^• 
only as the fquare of the diameter. This circum- 
fl:ance is the caufe why balloons cannot be made 
to afcend, if under a given magnitude, with cloth 
or materials of die fame thicknefs. 

Fig. 



^ BALLOOK aAlSEB BY »EAt^ 

V . Fig. i4^. xqxrdkits die balloon firft inventol^ 
It Goofifts of an iniixien& bag of pasiw^s, or other 
doth, piunted with a conqx>fition that may lefl^n 
ks fiifcq>tibility to take fire. A net covers the 
upper part of its furface^ from which proceed 
topes that fuftain a gallery to carry the adventurers 
and fuel* The lower part is affixed to the gal^ 
lery, and c^>en to receive the ftreams of heated $ind 
rarefied air^ produced by means of &e maintained 
in an iron grate, fu^ended in the middle o£ die 
orifice. The firft inflation of the balloon is ef- 
fefted by means of a fire made in a proper appara-* 
tus on the ground^ and the attached grate ierve& 
only to maintain the requifite degree of rarefac- 
tion, by furnifliing a fupply of heated air in die 
room of that which is gradually conden&d by coci^ 
Ing. It is afccrtained from experiment, that the 

' rarity of the air in thefe machines depends folely 
on its heat and its property of cooling flowlyj and 
it is likewife eftabliflied with a confiderable degree 
of certiBnty, that the weight of the included air 
is at a medium, about two thirds of the weig^ 
of an equal bulk of the air of the atmofphere. 
This balloon is raifed or lowered while in the at- 
ino^here, by increding or diminifhing the fiire. 

V Snisdi balloons of thin paper, raifed on this 
principle by the flame of a Iponge, or ball of 
cotton dipped in fpirits of wine, have been exhi- 
bited in every part of Europe. 

w The inflammable air-balloon, fig. 147, is pre- 
ferable to the othefj in the prefent early ftate of 

our 



mxr knowledge* It i$ ufiiaUy f<^nne4 <f( thin filk 
vami&ed over. Whca filted wkh ioflammabk 
airj its tvibe of communication a is ufuallj doM* 
ib diat the adr k pitwnted from efcapi^g^ The 
adventurers are placed in a car or fmaU t^SBA «« 
attached to the balloon by Adn^ procmdii^ fipvi 
a net that covers its aipper part. Thegr curiy be^ 
of fand widi tihem tx> (erve as b^llaft, and t^oMl 
of the tube of communication, as ^dl ,9^ a Stmtg 
that by pmliicig noay open it valve in the top jof tbe 
balloon^ are continued dopwrn into the car. By 
fhofe means they have, ibr a iimitod time, the 
power of afcending or de&ending at pksttn^e. 
For the power of afcet;£oa as iffio-qaifid by -fflop^ 
eying one or more fand-^bags, or diovmiheii 
by (foffering the inflammabk air to tfcapc i^ibiSC 
by the tube 'Or through thevalver It may be cib«- 
4a?vefl, that the infiammdble air, on aocowA of ka 
greater lightnefs, will not defcend through die tiiribe 
of communication, unlets either by its own .exr 
f>anfionirom heat, or by the diminifi}^ prefiui^eiaf 
die atmolpjiere at great heights, it its <aiade ^ 
tfcape while the balloon is fully inflafed^ butrk 
WiA iffiie from the upper vadve, wiienopcn, in att .. 
-circumftances whatever. 

The inflammable air produced in the .bacgpim(f^ % 
'hy the afFufion of diluted vitriolic add, or jroa 
Shavings or turnings, is radier k& than one :B&h 
lof the weight of ^an equal bulk of atpiwlpbcticai . 
«ir. It is eftimated that a cubic incth of ii^on ^ivea^ 
« ciibic foot of inflamm^e air, md tiie Aftroog 

vitriolic 
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vitriolic acid, fold in London, requires to be di-* 
luted by five times its bulk of water, for this ex-' 
periment. 

y To give at pleafure a progreffive metion to air- 
balloons, in any required dire6tion^ is a problem 
of great importance in this newly difcovered art 
of penetrating into the fuperior regions of the at- 
mofphere. Many wild and abfurd fchemes for 
this purpofe have been offered to the confideration 
v£ the public ; and ibme that have been carried 
into effedt have ferved only to evince the ignorance 
or the artful quackery of their projeftors. Litde 
however of real value has been yet done towards 
accomplifhing this purpofe. The grand difficulty 
of the attempt confifts in the large furface of re- 
fiftance expofed to the furrounding fluid, which 
has hitherto been fuch, that the quantity of air 
required to be difplaced is fo great, that the 
ftrength of the voyagers cannot displace it with 
any confiderable velocity; that is to fay, when 
they have given a fmall degree of velocity to the 
machine, the refiftance of the air becomes fuch, 
that their whole ftrength will be employed in over- 

2 coming it, inftead of adding to the velocity. The 
principal objeft therefore muft be, to conftrud 
the balloon of fuch a figure as that it may move 
through the air without difplacing any confiderable 
quantity of it. As to the application of the ftrength, 
it may be done by a variety of methods. It is re- 
quired that it ftiould be exerted on the air in ihe 
oppofite diredion to that intended to be prodiKed 

in 
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\sx the balloon^ and a$ np mechanifm can beftow or 
create ftrcngth (i. 73> e) the fimpleft machine will 
be the beft, bccauTe the lois by fiiftion will then be 

kaft. 

The iifcs to. which nnachines of this kind may be a 
applied are numerous, and will eafily occur to any 
iagenious perfon. It will probably belong before 
the experiment will be performed in a fofficiently 
cheap way to admit of its, being applied to the ordi- 
nary purpofes of travellers. Its ufe on extraordi- 
nary Qccafions, for the conveyance of intelligence 

Jn military operations; for penetrating into places 
inacpefliblcby other ineans; or, for making philo- 
fophical obfervations on the fuperior regions, of the 
atmofphere, are fufficiently obvious. We cannot, 
however, boaft of any addition having been made 
.to the (tofk of atmofpherical knowledge, thqiugh 
Very many .aerial voyages have been performed. 
The probable caufes of this are, that the balloons 
Jiave feldom afcended above two miles high; that 
the^ novelty and grandeur of the fcene beheld from 
a balloon has prevented a ftrift attention to the 

-phenomena that ijciay.have prefented themfelves; 

: and more e^ecially, that moft of the experiments 
were performed by ignorant and mercenary imita- 

^ tors, who hive been much more defirous of taking 
the advantage of the furprize and credulity of the 
vulgar, than of making valual^e obfervations^ or 
relating them with fidelity. 

' The invention of the heated air-balloon us the 

undoubted • right qf the brothers, Meffre. :$tephen 
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and John Mongolficr, who made die firft experi- 
ment at Avignon in November, 178a. The firft 
l!>alloon railed in die atmoiphere by means of in- 
flammable air, was conilru&ed by public fub* 
fcription, opened by M. Faujas St. Fond at 
Paris. MefTrs. Roberts were appointed to conftnift 
the machine, and M. Charles to fuperintend the 
work. It was launched from the Champ de Mars 
Auguft 27, 1783. The firft human being that 
afcended into the air by means of an air-balloon was 
M. Pilatre de Rozier. He yhs afterwards accom- 
panied by M. Girond de Vilctte, and afterwards by 
the Marquis d'Arlandes. The balloon ufed in 
thefe experiments rofc by heated air, and was con- 
ftruftcd by John Mongolficr at Paris. It was pre- 
vented from efcaping by ropes. The firft aerial 
voyage was performed with the fame balloon by 
M. Pilatre de Rozier and the Marquis d*Arlandes, 
who pafled over the city of Paris November 21^ 
1783. The firft aerial voyage with a balloon filled 
with inflammable air was made by Mel&s. Charles 
and Robert from Paris December i, 1783. They 
were carried about twenty-feven miles in one hour 
and three quarters. The gr^at rarity of inflam-^ 
mable a1r was firft afcertained (in 1766) by ^^• 
Cavendifh, and the idea of its application to the 
purpofe of floating a bag in the atmolphere was 
explained by Dr. Black in his ledyrcs next follQW- 
ing that period. Several philolbphers made attempts 
to carry this into effeft previous to June 1782, and 
fuccecded fo far as to inflate foap-bubbles with 

inflam- 
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inflammable air, which rapidly afccnded to the ceil- 
ing of the roomi But it is to the philofophic Ipirit 
and liberality of our neighbours the French that we 
are indebted for this experiment being completely 
perfoipied in the large way, without whole cncour 
ragement it might probably have long remained 
nothing more than a happy thought *. 

On the 14th of June, 1785, the intrepid and in- 
genious Pilatre de Rozier fell a vidlim to the ne^ 
art in which he was the firft adventuitr. He at- 
tempted to crofs the Britifh channel in company 
with a gentleman, whofe name was Romain, Hij 
balloon confided of two parts ; the upper contained 
inflammable air, and the lower part was a balloon 
for heated air. By this ingenious addition it was 
expefted, that a power of afcending or defcending 
at pleafure, without lofs either of ball aft or of in# 
flammable air, would have been obtained. When 
the unfortunate travellers were at the eftimate height 
<>f about fix thoufand toifes, the upper balloon look 
fire near the top, and burft. The apparatus imme- 
diately fell to the ground. Pilatre de Rozier firft 
came to the earth: no figns of life were perceived 
in him, but his companion is faid to have uttered 
an exclamation before he expired. 

This much lamented event is fuppofed to have 
arifen either fr<xn the eleftricity -pf the clouds 
ifetting fire to fhe ftrcam of inflammablq air that 

• For a further account of this fubjdfly the Englifh reader 
may have recourfe to Cavallo*s Hiftory and Pradlice of Aero- 
ft;^Uon, 

H a iffvcd 
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iffucd from the upper valye^ c^ from dir iafi^Eii* 
inable air that fefc^ed^ forming a tram of ccniamu^ 
nication between the upper ballopn and the fire bcr 
neath> which in its afcent was coptinuaUy brought 
into the place' before occupied by the balloon. 
This laft opinion is rendered moft probable, from 
the agitation and apparent diftrefs obfcryed in th^ 
travellers a Ihort time before the cataftrophe. They 
had prudently lowered the ftove before Pllatre dc 
Rozler opened the upper valve. The efBu:? of in- 
flammabje air occafioned by this laft manoeuvre 
was probably die immediate caufe of their dcftruc-s 
tion t. 

c H A p. yi. 

OF THE AIR-PUMP, AKD ITS USES* 

? ^TpH E air-pupp is one of the moft ufeful of al^ 
X ^ philofophical inftruments, whofe aftions de- 
pend on the properties of the air. By the help of 
this machine, all that has beei^ fhewn concerning 
the weight and elaliicity of the air^^ is demonftrat^ 
in the moft fimple and elegant manner. Its con- 
ftruftion is as fpUows : e f g h (fig. 148.) is a fquarQ 
table of W0CH3, a a are two ftrong barrels or tubes; 
of brafs, firmly retained in their pofition by the 
piece T T, which is preffed on them by fcrews o 0, 
fixed on the tops of the brafs pillals n n; Theft 
barrels cpmrnunicate ^Vh a cavity iri^e lower part 

f See tlie Courier de PEurope for July i, .1785. 






&• At the bottom Within each barrel is fixed ^ 
valve, opening upwards, and in each a pifton works^ 
having a vahre likewife opening upwards. The pif- 
tofts arc moved by a cog-wheel in the piece t t, tui'n- 
cd by the handle B, and whofe teeth catch in the racks 
of the piftons c c. P q^r is a circular brafs-platej 
having neaf its center the orifice k of a concealed 
pipe, that communicates With the cavity; in the 
piece D at V is a fcrew that clofes the orifice of an- 
other pipe, for the purpofe of admitting the exter- 
cernai air wheA required, lm is a glafs-receiver^* 
0at of which the air is to be exhaiiflred. It is placed 
on the plate p q^r, firft covered With a wet fhcep- 
fkin, or fmeared with^ wax, to prevent the air 
from infinuating under the edge of the giafs* 

When the handle b is turned, one ofthepfftons d 
is railed, and the c^er dcprefled ; a void Ipace is 
cOnfequently left between the raifed pifton and the 
4ower valve in the correlpondent barrel : the air 
contained in the receiver h m, communicating with 
the barrel by the orifice k, immediately ^dfes the 
lower valve by its Q)ring, and expands into the 
•void fpace i md thus a part of the air in the re- 
ceiver is extrafted. The handle then being turned 
the cohtrary way, raifcs the other pifton, and per- 
forms the fame aft in its correfporident barrel i 
while, in the mean time, the firft mentioned pif- 
ton b^ing depreffed, the air, by its fpring, clofes 
the lower valve, and, raifing the valve in the / 
pifton, m^Jces"* its efcape. The motion of th6 
-haaidle being again xtverfedj the firft barrel agstin 

^ H 3 exhaufts 
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exhaufts while the fecond difcharg^s the air in 
its turn : and thus, during the time the pump is 
worked^ one barrel exhaufts die air from the 
receiver^ while the other difcharges it through the 
valve in its pifton. 

Hence it is evident^ that the vacuum ia die 
receiver of the air-pump can never be perfeft j 
that is, the air can never be entirdy exhaufted: 
for it is the fpring of the air in the receigirer that 
raiies the valve^ and forces air into the barrel^ and 
the barrel at each exfudlion can only take away a 
certain part of the remaining air, which is in pro* 
portion to the quantity before the ftroke, as the 
capacity of the barrel is to that of the barrel and 
reqeiver added into one fum. 

This, however,'^ is ah imperfcftion that is fcl- 
dom, if ever, of any confequence in practice,, be- 
cauie all air-pumps, at a certain period of the 
e^hatftion, ceafe to-aft, on account of their impcr- 
feft conftruftion. For the valves ufually.confift of 
a piece of oiled bladder tied over a hole, fb that 
the air is at liberty to pals by lifting up the bladder, 
but cannot xeturn again> and there will unavoidably 
be afmall fpace left between the lower valve and tHe 
pifton wh^n down. Now, it will happen, when die 
air in jthe receiver is very rare, that its ipring will 
not be ftroAg enough to overcome the adhefion cf 
the bladder forming the lower valve, which, con^ 
fequently, will remain fliut, and the cxhauftion 
cannot proceed. Or, before this period, it 'may 
happen, diat the air between the valves when the 

pifton 
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pifton is up may be fo fmall as to lie in the fpace 
between the two valvfes when the piftoh is down, 
without being fufficiemly condcnfed for its fpring to 
overcome die adheiion of the bladder forming the 
upper valve, and the weight of the atmofphere that 
preifes it : in this cafe the upper valve will remain 
Ihut, and the exhauftion cannot proceed. In the 
bcft air-pumps tbefe imperfeftions are in a great 
degree irmoved. For the adhefion of the bladders 
IS much diminifhed, and the aftion of the air upon 
^em increafed, by fubflituting a number of large 
holes of. paffage, inftead of one fmaller. By cauf- 
kig the rod of the pifton to pafs through a collar 
of leathers, fcrewed to the upper part, of the barrel, 
and placing another valve for the paffage of the 
extruded air, the preflure of .the atmofphere is pre^- 
yented from afting on the pifton, fo that the whole 
ipring of the air between the pifton and lower valve 
is exerted in overcoming the. refiftance afforded by 
die valve df the pifton. There are alfo contrivances 
for opening a communication between the receiver 
and the barrel, without depending on the fpring 
of the air. One of the befl ofthefe confifts in an 
additional piece that lifts the lower valve when a 
lever is puffed with the foot: the lever com* 
municates with the interior piece by. means of a 
rod thatpaffes through a. collar, of leathers $^ Jtbe 
lower end of- the barrel *. The beft fort of ,air- 
pumps ate ufually made with a finglc barreL 

• This is the invention of one — Haas, a workman ill 

^iOlldon, who has taken out a patent for it. 
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In meafuring the exhaufldon there ^n. two a&m 
tjhods of proceeding. The ode ihews theden&y o€ 
rkc air left in the receiver, without jegatding 
&ch vapours scs may affunne ao elalKc form m 
die vacuum % the other exhibits the fpriag^ of the 
daftic fluid in the receiver, without ihcwiiig whii«^ 
ther it be permanently elaftic air. The cfMXiXk^ 
of air is ihewn by an inftrument called the peav« 
gage. It conikts of a glais>vei&l in the fixrm oC ^ 
pear, with graduations near it^^ upper end^ that) 
denote certain known parts of its bulk, fhis^ i& 
included' in. the receiver, together with a veffel rf 
mercury, into which its mouth may be occafl^onal}^ 
plunged* When the exhauftion is made» the pear- 
gage is plunged into the mercury, and the external J 
air admitted into the receiver. The- mercury rifes 
in the gage, and occupies the whole of its cavityi * 
except a Ipace at top, poflfeflfed by a bubble of air^ 
whofe magnitude isknown from the graduations^ and 
is in proportion to the whole contents of the gage> 
as the quantity of air in the exhaufted receiver, is to 
an equal volume of the common atmofpherical 
air. 

This gage would be accurate for all purpofes, if it 
were not that moft fluid or moift fubfta vcs - afliime 
an elaftic form when the preflure of the atmofphere 
is removed. For this reafon it feldom indicates the 
elafticity or aftual preflure of the fluid remaining in 
the receiver. The baromeier gage is ufed for this 
purpofe. If a barometer be included beneath a 
receiver, the mercury will fund at die fame height 

as 



as in tfaft opcai! mi but wbm tbr re<ei?fv begins to 

faecxl»aft^»dieimfrpUfywiUdeicefi4 and^at a 
bdght wl^ch k ki pi!oportki9: to i^ fbrmes he%bt 
as tbr faring of i&e ^mramg ait iia 10 it& eorigi* 
sbI J^ringr bofere^ the exfaaaafttionA It ia ufud ta '£^^ 
fhcr. air id ad m^y tknes rarar thoa idbc aiRoej^Jure, 
as. diet cotoam it. fuftains is kfs than tbt. heig^ die 
mesxriiff ftands at in a detached baromecer. On 
ae;eoufi0 of the i«itoQyQiiiem:Q of uushsduig a. barMACr* 
ter in ^sBmiy^Ti a.tukfi pf fix; or eig^ indies kngdi 
]» jM)e()!«^ a&«^ifxy, aadinvQirtod ii^ the famenaaoh 
Mc a» tl^barom^^^. This being included;. anfwem 
' the f^sne^puipofe^ wiih no other difl^nence than Asft 
thfii mercury does»apt begin to de&end till about 
thm«rfow>ths of the air i& exhaufted* It ia. called 
the^ ibort. barometer g^gp* OtherS'piace a tube> of a 
^m feBgth ihm. d» barometer, with- i« tower 
end in a>ve0el ojriBeK:uiy> while. its. up|ker% end cQn2» 
municates with the receiver. Hier^ the wsrojuj . 
rifcs as the exhauftion proceeds, and the preflure of 
the remaining air is fhewn by, the difference be- 
tween its height and that of the barometer* Thiis 
is called the long barometer gage. 

Thefe gages are not often conftnided fo as to h 
anfwer the purpofe of fliewing. the degree of ex-r 
hauftion to a great degree. For the mercury, 
though at firft boiled, to clear it of the air and 
moifture that adhere to it, and render it fenfibly 
lighter, gradually becomes again contaminated by 
expofure to the air in the bafon of either g^ge. 
They cannot therefore with flriftnefs be compared 

wth 
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with a good barometer in which this does not 
happen. If the tubes of the gages be lefs than 
half an inch in diameter, the mercury will be 
lenfibly repelled downwards, fb as to require a 
corre£tion for the long gage when compared with 
a baron^eter, whole tube is of a different bore, and 
to render the fhort gage ufelefs in great exhauf-* 
dons. Thus, for example, if the fliort gj^ have 
a tube of one-tenth of an inch in diameter, the 
mercury will fall to the level of the bafon when 
the exhauftion is 1 50 times, and will ftand bdow 
the level for all greater degrees of rarefaftion* 
•Thefe difficulties may all be removed, by making 
the Ihort gage in the form of an inverted fyphM, 
with one leg open, and the other hermetically 
fealed. It muft be confeffed, however, that it is 
not eafy to boil the mercury in thefe ; and the me- 
thod of doing it with fucdefs cannot, with fufficient 
concifenefs, be defcribed here. 

I Few air-pumps exhauft to fo , great a degree as 
one thoufand times by the barometer gage -, but the 
pear-gage in fome circumftances will indicate an 
cxhauflion of many thoufand times. 

K Several of the ufes of the air-pump have already 
beeh mentioned. The weight of the air is fliewn 
by exhaufting it out of a bottle (jo, x) and its 
preffure )s proved to be the caufe of the afcent of 
the mercury in the barometer, becaufe in the va^- 
cuum it is no longer fuftained. It will be proper 
to fubjoin a few more inftances. 

. If 



If a fquare botde^ in Whofe neck is fixed a valvci l 
opening outwards, be^ placed under the receiver, 
and the air cxhaufted, the bottle will be cruflied 
to pieces by the weight of the atntiofphere when the 
air i? permitted to return into the receiver. For 
the air is prevented from entering the bottle by the 
valve, which, before the exhauftion, fuftained the 
preffure of the atmolphere on its external iurface, 
by means of the fpring of the included air acting 
equally on the internal furface > but in this e:q)eri- 
ment, .being deprived of its internal air, it is in* 
capable of bearing the weight of the atmofphere 
which prefies it on all fides. If the botde were 
found inftead of fquare it would fuftain the preffure, 
potwithftanding the exhaiiftion, by reafbn of its 
arched figure, that would prevent its giving way <^ 
inwards. 

The quantity of this preffure on a given fiirface ^ 
is^ equal to the weight of a column of mercury, 
whofe bafe is the given fiirface, and whofe height 
is the height of the mercury in the barometer. 
(32, b) To exemplify and prove this by the air- 
pump, it is ufual to inclofe in the receiver two 
brafs hemifpheres, as a and b, (fig. 149.) that ftiut 
together like a box, and at the place of (hutting 
are lined with wetted leather. The air being 
exhaufted from the receiver, efcapes likewife from 
the cavity of the hemilpheres, and when it is per- 
mitted again to enter the receiver, the hemilpheres 
are fo clofely preffed together, that the air cannot . 
enter at tte place of juhdkion : they adhere toge- 
ther 
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thcr therefore, with ^ force cq^ to the prcflurc 
of the atmofphere, vrhich is greater or Icfs in pre^ 
portion to the area of the circle at the place of 
jundion. Thoa, if the diameter of the circle wh^ltc 
the hemiipheFes are joined be four inches^ the fbrco 
required to fepiarace thenr axtifk exceed 230 lb. 
troy. 

N Since bodies immerfed M fluids tofe parts of 
^ir weights^ whick are eqpjal to^ the weights of 
majQTes of tHe fluids- reipedively e^s^ in bulk to 
die bodies themfelws (8, z?, a), it follows^ tihaS! 
bodies of diflferent Ipecific gravities, wliidv jae in 
cquiiibrio in the. air, wilf libt remiain'' fo irt' vacu6# 
For in vacuo each body will re-acq^ire the weigbt 
they lofe while in theair^ and the body, Whofebu& 
is greateft, wilt acquire the greateft weights Thus, 
if a piece of cork be in equilibrio with a piece df 
lead, when weighed by fine fcales in* the aSr, the 
cork will preponderate in vacuo s the removal of 
the air adding proportionally more to its weight, as 
its bulk exceeds that of the lead. , 

. The fpring of the air may likewife be Ihewn in a , 
variety of manners by the alfiftance of the air- 
pump. Suppofe a fmalltube to be inferted through 
the cork of a bottle, half full of mercury, fo that 
the communication between the air included in the 
upper part of the bottle and the external air ihall 
be entirely cut off, the end of the tube being im- 
meHed in the mercury. Let this apparatus . b 
placed under the receiver, and the air exhaufted, 
Xhe fpring of the ihcluded air then prefllng on the * 

fur face 
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lyrfece of tbe mercury, ariU force it intD the tube, 
1^ fuftain it at the &mt heig^ nearly as it ftands 
in. the barometer 5 for the fpring of the air is equal 
to it^:weight, (i. la, R) and confcquently produces . 
;W equalseflFeft : but on account of the impet^sdion 
pf tiie vacuum, and the ezpanfioti of die air in 1^ 
botde, by which its fpring is weakened, the mer- 
c«ry does not rife exa£l;iy as high as it does in the 
barometer. 

If a half blown bladder be pj^ed in the receiver, p 
|iie included air will exp^d as the ^xhauftion 
proceeds, and will blow it up evw to burfting. 
^d if this bladder be inclofed in a box, whofe cover 
is loaded with weights fomewhat lefs than equal to 
iJiat of the atmofphere, the expanfion will raife the 
cover and luftain the weights. Thus, if the blad* 

4ier be inclofed in a box of 6 inches diameter, it 

< 

will raife the cover, though loaded with upwards 
pf 5oolb, troy (32, b.) 

The fpring of the air included in the larger pores q^ 
or veffels of bodies, is the foundation of a num- 
ber of pleafing and inftrudive experiments. Thus 
it is found, that wood is fpecifically lighter than 
yrater, only by reafon of the Ipring of the air in- 
cluded in its veffels, that prevents the water from 
entering : for when this air is extrafted, and the 
water, by the admiflion of the external air into the 
receiver, is impelled into the veflcls of the wood, . 
it is always found to fink to the bottom. 

The rpfradive power of the air is alfo fhewn by a 
the air-pump. For if the air be exhaufted out of 

^ prifmatic 
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a prifinatk glafs-vefTd, the rays of light vnH not 
pa& flrait through its fides, but, in palling through 
the vacuum, will be defleded according to die 
eftablifhed laws of optics. The proportions of the 
fines of the angles of incidence and refraftion, out 
of the vacuum into the air, are by this means 
found to be as ioooj6 to looooo^ which is nearly 
the fame ratio as is deduced from the refraftions 
of the heavenly bodies. 

It is likewife proved by the air-pump, that the 
m is the medium of found. A bell or fmall 
alarm dock, being rung in the exhaufted receiver, 
gives no found, but if the air be admitted, the 
found gradually becomes louder and louder, till the 
air in the receiver be of tKe fame denfity with that 
of the atmofphere, at which time the found is no 
otherwife weakened than on account of the receiver 
that covers the bell. 

The refinance of the air is exhibited in a ftrik- 
ing manner by the help of the air-pump ; for, if a 
guinea and a feather be let fall together from the top 
of a tall exhaufted receiver, they both arrive at the 
bottom at the fame inftant. 

Among the very numerous inftances of the ufe- 
fulnefs of this inftrument, we fliall mention but two 
more; namely, thedifcovery oftheabfolute necef- 
fity of air for the prefervation of life in moft ani- 
QTialSj and for the produftion and continuance of 
flame. Moft animals, when included in the ex* 
haufted receiver, are obferved to die in about 
6yc minutes, though the time is various in different ' 

/ fpeciesi 
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fpccics 5 and they moftly recover again, if the air be 
again admitted without being withheld too long. 
A lighted candle, placed under the receiver, is ex- 
tingyifhed at the beginning of the rarefa£bion> and 
the fmoke hovers about the top of the receiver ; 
but when the air is ftill more rarefied, it becomes 

ipecifically heavier, and fubfidcs to the bottom. 
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Of Chemiftrjr. 



CHAP. I. 

^ CONCSRNING HEAT. 

y T7^ VER Y change diat can take place in bodies 
S2j is cffc6ted by means of motion. The bufi- 
nefs of natural philofophy is to inveftigatc the cauies 
of the feveral motions, and the laws they follow. 
Jn many inftances thefe motions come under the 
infpe&ion of our fenfes, but for the moft part they 
•are performed among the minute parts of bodies, 
and are only known by the effeds they produce. 
The foregoing part of this work has been chiefly 
confined to the explanation of the former kind of 
motions, which may be denoted by the general 
term mechanics. The latter, namely, the efiedb 
produced by motions among bodies too minute to 
0£fe6fc the fenfes individually, are the objed of a 
fcience called chemiftry. 

u Heat is one of the ngiofl: important and general 4 
caufes of change in bodies. This term is com- 
monly 



monly ufed to denote as well the fenfatidn caofed 
by an increafe of temperature in the Jiuman body 
as the ftate in which inanimate bodies are when 
their temperature is increafed; In the following 
pages^ however^ it will not be neceflary to attend to 
the fenfation. The word temperature will be ufed 
fo denote the ftate of a given folid^ fluid, or vapo- 
rous body, with relpe<^ to heat ; and the word heat 
will be ufed to denote the caufe of that ftate. 

A body is faid to be hot or cold accordingly as W 
its temperature is above or below a given ftandard. 
The vulgar make, ufe of the temperature of the. 
human body as a ftandard for this purpofe. But 
this is by no means accurate enough for philoibphi* 
cal purpofes, becaufe the fenfations of no two per^ 
ions agree, nor even thofe of the fame peribn set 
different times. 

The dimenlions of a body ^e always increafed x 
with the temperature, fo long as the body retains 
the ftate of folidity, fluidity, or vapour, it happens 
to pofTefs, and has fuflered no change either in the 
combination or quantity of its chemical principles. 
This is die chief, and, perhaps, the only general 
criterion by which thq changes of temperature can 
be appreciated. 

Bodies in contaft, or that communicate with each Y 
other, will all acquire one and the fame temperature, 
after a certain length of time, however different 
their refpeftive original temperatures may have been. 

There are two opinions concerning heat. Accord- z 
Ingto one opinion, heat conflfts in a vibratory mo* 

Vot. 11^ I tion 
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tion of die' parts (^ bodies iHitorig eadi olJier, whe^ 

greater or leis intenfity occafions the increixfe dr 

dimimmooiof cemperature : accordiiig to theotha? 

^ioioHs heat f s. a fubtile fluid that tefify pervide& 

;the pores of all bodies^ cauTing thtm to expand bf 

jfneam of iizsdafticity, or otherwift. £aeh^ thdfe 

cinnions Is attended with its peculistf'difiieuhier. Tftfe 

fhi^nQamiB, of heat may be %:cQUnted for by eithdr 

of thenii piovided certain fuppofitions be attowed 

to each refpeSiiveiy $ but the vram: df proof of the 

trm;h of ibch fuppodtioms renders it Tery diffitdt^ 

,if not impofllble^.to decide> as yet, whether heat 

confifts merely in motion or in Ibme fc^uU^mWt^. 

A The word <ji^tiiy aj^ed to heat will th^^Sa^ 

.denote either 9)Ption or matter> according t^ the 

opinion made.ui£b of, aad may be ufed indeiBni^ljr 

without determining which. 

B Whatever heat may be, it is certainly lawful to 

affirm, that when the temptsraturcs ate the famfe, 

« 

. the quantities of heat are equal in equal bodies of 

•the feme kind} thus,^ a pound' of gold contains an 

*qual quftfttity of heat with ajiother pound of gold 

at the fame' temperature i a pound of water dontaina 

'MGquH quantity of heat, with another pound of 

water at the fame temperature, &c^ Hence it 

folk^ws, that the quantity of heat in two pounds 

of a given fiibftanee is twice as much as is contained 

c- in one pound at the fame t^nperature; and uni- 

• verfally in homogeneous bodies of the fame kind, 
^ the quantities of heat will be as the mafl€S>. provided 

* thfe temperatures be the fame* 

- ^ If 




If tWb bodiies thdt differ bnly iil Kmpcraturt be O 
feroiight into contaft, they will (ii3> y) acquire i 
eommori temperature^ aftd the (Judntity of heat iii 
^ach^ll be ecjual (114, b.) It is thereforie fccnj S 
Ifh^t the hotter body hai impai^ted half its furplus 
of heat t6 &ie other ; and cohfcqtitntly the qitan • 
my off hc^ ih one of the two bodies will be art 
arithriietic^ meaii between the quantities Originally 
Cdhteincd in tihcHnt. 

If two bodies of the fame kind that differ in f 
Aiagriitude and temperature bt brought into contai^j 
they will (liSi y) acquire a comm6n temperatul-ei 
ind this quantity of heat .in each will be (l 14, c) 
in proportion to the itiafles t that is to fay, the 
cjuantity of heat which caufed one of the two bodies 
to be hotter thaii the other will be divided betweefl> 
them irt proportion to their maffes. 

The quantities of heat required to be imparted td, if 
Or fubdufted from, bodies of the fame kind, in Or- 
der to bring their temperature to any given ftarl-* 
dard> will confequently be as their mafles* ^ 

On thefe confiderations it is that the thehnO- I 
meter is prefumed to acquire the fame temperature 
as the body it touches. For the mafs of the ther- 
mometer ought to be very fn^all in proportion to 
that of the body it is applied to ; in which dafe the 
qiUantify of heat it gives out or reeeives in the 
acquifition of the common temperature tvill be fo 
jfinall as not fenfibly to affe6t the Body under con- 
^deration j fo that the comnfton tjempefature tiikf 
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be taken inftead of the original temperature requurcd 
to be found. 

K The arithmetical mean temperature between (wo 
equal bodies of the fame kind^ as determined by 
experiment (xi5> e) will caufe the mercury in a 
thermometer to Hand very nearly at an intermedin 
ate equal diftance between the ftations it would 
have had at the original temperatures of the two 

L bodies. The increments of expanfion in mercury 
are therefore*very. nearly as the quantities of heat 

M that caufe them. And the quantities of heat added 

. to, or fubdufted from, a given body in contaft 

with a mercurial thermometer, will be exprdSfed 

by the number of degree^ the thermometer rifes or 

faUs. 

V Thus far the temperature and heat of bodies of 
the fame kind have been chiefly confidered ; but if 

^ two equal bodies of different kinds and tempera- 

N ture be brought into contadt, the common tempe- 
rature will feldom, if ever, be the mean between 

o the two original temperatures -, that is to fay, die 
furplus of heat in the hotter body will be uncqlially 
divided between them, and the proportions of this 
llirplus retained by each body will exprefs their rc- 
ipcftive dilpofitions, affinities or capacities for heat* 

p If therefore a given fubftance, as for example fluid 
water, be taken as die fl:andard of comparifon, and 
its capacity for heat be called one, or unity, th« 
refpcftive capacities of their bodies may be deter- 
mined by experiment, and cxpreflfed in numbers in 
the fame manner as fpecific gravides ufually are 

And 
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And becaufe it is eftablifhed as well from reafon q^ 
as experiment, that the fame ca|)acity for heat ob- 
tains in all temperatures of a given body, fo long 
as its ftate of folidity, fluidity, or vapour, is not 
changed, it will follow, that the whole quantities 
of heat in equd bodies of a given temperature will 
be as thofe capacities. And as the refpeftive quan- it 
tities of matter in bodies of equal volume give the 
proportions of their Ipecific gravities, Co the relpec** 
live quantities of heat in bodies of equal weight and 
temperature give the proportions of their Ipecific 
heats. 

A greater capacity for heat, or greater ipecific s 
heat in a given body, anlwers the fame puipofe 
with refpeft to temperature as an increafe of the 
mafs; or(ii5, h) the quantity of heat required 
to be added or fubdufted, in order to bring a body 
to a given temperature, will be as its capacity or 
Ipecific heat (117, r.) 

I'he capacities not only differ in various bodies, T 
but alfo in the fame body, accordingly as it is either 
in a folid, fluid^ or vaporous flate. All the experi- 
ments hitherto made confpire to fhew, that the capa- 
city, and confequendy the ipecific heat^ is greatefl 
in the vaporous, leis in the fluid, and leafl in the 
folid ftate. 

The quantity of heat that conftitutes the diffe- u 
rence between the feveral ftatcs may be found in 
degrees of the thermometer. Thus, if equal quan- 
tities of water at 162^, and ice at 32^ of tempera- 
ture, be mixed^ the ic^ melts^ and the common 

1 3 tenipe- 



t€mp<'r4tu^T becomes 32^ ^ or othcmifi:, if fijudl 
quantities pf frozen and of fluid watcr^ both at tht 
tempcratgre of 32^, he placed in a Ukc finwioxi 
tgi acquire hP4t frpm ? fi,ret the water will become 
Jieatcd to 162^, while th^ ice melts, without acquir- 
W^ ^fXf iojcceafc of ^caiper^tyre. In cither cafe th^ 
iee scquire^ ijo^ of hea^ whi^h produces no oih^ 
cffed ijhw renderii^g; it flui^. Fluid water thi^o^ 
fore cjontains not qnljr as raych nagpe heat thm ice, 
9s is indicated by the therrpopieter, but alfo. 1 30^* 
thut 1%'m fopie maimer or orfiereipplpyed in giving 
}t.flu)dity« And as fluid water cannot become icf 
widiQut psrtjng \<fith ijo^ 9f hcajt, b^fides wh^t it 
}i4d S^yc J2^' in its temperature i fo a^&t fteanj 
C^^npt bccgjTui condenfed into. w.atcr without in^.^ 
parting much more heat to. the n^atters it is copied 
by than water at; the f^me. teaiprature would hayq 
done, 

V The heat employed in m?^intaining the fluid 
or vaporous fop^, of a body, has been cajled 
latent heat, be<;aufe.it dpe§ not affeft the. dieniip-! 
PPieter, 

w Frofn the confiderafiiop of the fpecific heats of 
. the fame body in, th? twg fta;^s of folidity and flui- 
dity, and the difFeEenf:e betvyeen thofc fpecifip.hfats 
is deduced a method of finding the number of 
degrees which denote, the temperature pf any body 
immediately . af^pr , cong<5l^tipn> recl^oned from tb^ 
natural zero, o^ abfol^te privatipn of heat. The. rule 
is ; multiply the degrees of he^t required tp redyce 

, any folid, to a fluid flate by the number exprefling 

the 



^ ^^ific heat of the fluid : dmdt f^$ prodtift 
b^ t^Q^fFf^itnte biettween the mmbm ^Kpreffing 
th^ fpi^ciific beat of die b^y in each ftnte i the qtie^ 
ti^efl^ wiU b0 the Qumber of degi^e^i ^ K^Otpef atwe^ 
n^koiisiefi from ^bfehite priratioR of h^idtt \ ' - , 

To give m e:8Edfnple of this curious nik> let it be y 
Mquired to detemiine how many degrees of refrige- ' 
ratlM vfoidd aibfejucely deprive ice of atl its heat f 
The degrees of heat necejffary to r'nelt ice are i jo, 

• 

9 This tk«orem 19 Mk*. KirwaA^s^ add insiy 1^ ptavtd thus ; 
1ft s rcprofeot tfae Deqnuod tenkptra^trre of tk& body jvfi cdnv 
ge^ed> 1 =:tjl^e number of degrees thai9Xf^H iho liest fe^piiitf 
to reduce it to fluidity^ 11= the ipeci&c heat of the folid, ati^ 

ni = the fpecific heat of the fluid. Then^ 8«{t1^: s ::pi*tt» 

•1m, 

Whence sr: = the temperature fromr ^hp natural zero 

in thermometrical degrees of the fluid (| 17 p v.) But becanfe 
the a^ual fallof the thermometer is to be produced by cooU 
hig the felid, we muft pay attention to its capacity (iij^ s.) 
The quantiqr of beat rcqi^jr0d to proAice k given change of 
tempf rature in a body i» as it;s cairacsty, and cdlUbqiiently ^Sb 
^kanges Qf temperature^ when the quantity qf heat i^ giveo^ 

In 

)yin be inverfely as the capacities: therefore i|:m:: -^ ;: 

I'm . . m— n 

>,. -:=zs. Which is the rule given inr the taxt. 

JPf the datal, m, and n, be accurately obtained by experiment 

19 any one inftance, and tkt difference between the zero of 

Fal^renheit's icale and the natural zero be thence found in d4» 

gpees of that fcale^ this difference will ferve to reduce all tear 

peratures to the numeration which commences at thenatur^ 

o; So that s being known in all cafes^ if any two of the quan-, 

tities I, m^ or n^ be givenin any body^ the other may be like« 

.^ , , ^ - sm— sn A J '— . •'^ * J sm— lih 

wife had. For Irs— — . Andm:^: r. Andn= ■ , 

m s— 4 8 
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gnd the ipecific heats of ice and water are as 9 ta 
lo. The number 130^ multiplied by 10, pro-t 
duces ijoOj and divided by the difference between 
9 and 10 quotes 1300 1 therefore if iee were cooled 
1300 degrees below 32^, or to — 1268 of Fahren^ 
belt's fcalcj it would retain no more heat. 

z Jt i$ ui^qeceiTary to point out the many phyfical 
cauies that prevent ^ithq* the production or men-* 
iyratiop qf thi^ ultimate degire q( cpld* 

A Experiments on heat may be made by mixing 
fluid bodies s by pUcjqg then) m a vafe> whofe 
temperature, volume, and fpecific heat or capacity 
aie known s or by placing them in contadb with ice 
at 32^ J in which laft cafe, the quantity of ice melted 
by a body hotter than 32^ will be m proportion to 
the quantity of abfolute heat that caufes this differ 
rence of temperature. 

f Much care is required to prevent occaiion4 cir- 
oinjftances from influencing the refults of thc& 
4e3iperirnents. The mafles, fpecific heats and tern* 
peratiires of the veflel and thermometer made ufe 
of, as well as the temperature of the furrounding 
atmolphere, muft be attended to. The thermoT 
meters mv^ft be very fenfible, and. give the tern- 
perature tq tenths af degrees. The temperatlut; of 
the mixture muft be taken in various parts of the 
yeflel, and its rate of cqoling afcertained at diffe* 
rent periods, in order to infer the cqmmon tempe? 
faturc th^t would have taken place if the fyrplus 
pf heat could have been equally diffufed at the firl^ 
lijftant of the mixture^ Whcp the i^elting of ice 
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h made ufe of, it is necdTary that the ice expofed 
to the contact of the hescted body fhould be de« 
fended from *the aftion of the external air, by be- 
ing included in a vellel furrounded on all fides with 
other ice at 32**, and the temperature of the room 
ought not to be much colder than 32^, left the 
melted ice ihould be again frozen, inftead of run- 
ning into the veffel prepared to receive it. 

The chief advantage which the <^nion that heat c 
is cauied by mere vibration poflfefles, is its great 
fimplicity. It is highly probable that all heated 
i)odie$ have an inteftine motion or vibration of their 
parts ; and it is certain that percullion, friAion^ and 
other methods of agitadng the minute parts of bo- 
dies will likevnife increafe their tempei^ture. Why, 
then, it is demanded, fhould we multiply caufes, by 
fuppofing the exiftence of an unknbwn fluid, when 
die niere vibradon of 'p^s, which is known to 
obtain, may be appliai* ' t0 explain the phenomena ? 
To this it is aniwered, thit' mere motion will not d 
apply to the phenomena : for, among oth^ fa6):s, 
water at 32^ contains more heat than ice at 32**, 
and ought therefore to poflcfs more vibration, yet it 
does not communicate more to the thermometer. A 
part of its motion muft confequendy be latent or 
Incommunicable, which is an abfurdity. 

A happy e3q)lanation of the manner in which the e 
temperature of a body is railed by fri6tion or percuf- 
fion, has been given ♦ on the fuppofition that heat 
is matter. If the parts of a body containing any 

* By Mr. Kirwan, 
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fluid be made t^ vibiace ftronglf ^ 'mc^jluiyi 
tiiey lyill expd a pan of tiie fluifl qui of thje pcre^ 
provided the fluid be not fu^icieAtly toaxptcff^ ^ 
W(9^ in corrafpai^diw^ with tbe viJbr4tkii»« Fos 
ia tbis- cafe a vibiatiag p^icle rn^ be.cofifidorod 
^ if its dimenfionsj were iskcr^aied^. which n m 
cSe^fc the fi^ne ;bif^ as if the p0ri9» of the btdy 
were diminift^t The £9f%ckf of the hoc^ wtt 
febua be diam^Qbedb ja^d coofequ^o^y' «& t:er|||)etu« 
tore wiU be increai^ (ii7> s.) 

F A41 the ch^gQs; ^ temperafiuiQ fipnx i^ rmk 
ip^^ecol^tothe^.litri^yiolQiceof^;^^ toof 
be ^xphiinfd (nm the ohAOgfs the: caipaeitief 
djf bodiesj afi^ . ^onfequently their ipecific hats 

c undirgO in ^ i^iferal chenoiisral pwcefles. Foe 
^QiverfaUyy whenever tjm csp^itaea of hodaie^ am 
fimuiiiihedi either by melting or eyapoatmng, 
(ii7>x) by friSiion or percufl3iH)» (rai, n) or by 
9 ehaiige in tAte chemical coodzMbatibn^^ th^n the 
leiaaperature i& in$:re^ed (ii7» s.) And on this 
CORtxaify the ttwiperature is dinunifliei^ or bodxB 
become cold whenever their capacities for keae aiw 
incraafed. 

H Thus> in the fblution of various inline bodies in 

wat^r^ cold is pcoduced ^ becauie the capacity of 

the fait being increa^ (ii7> '^) by its beoorati^ 

fluid> whil? the abfojkK^ quantity of he^ pemain^the 

fytWy it$ teniperaiture muft be diminilbed, (i i7> ^0 

CQjifequently^ the* common temperature of i^he. 

melted fait and ^^ater muft be lower than it 

would have been if the fait had not been dif- 

Iblvcd (113, y*) 

For 



jpp^i^ 9^ the mtl^dc 9f ? v?^ cfifliaiiiiiigfr?^ 
the fr€C2;iii|g po.iw?. Thp fnov w4 ^ilil 9[f r^PIt 

fro:¥en^ by tjb(f t«^ ^ tbg hf^ if knpans t» pnor 
duce a compion t^pem&ff*^ 

Sa l^kewife^ if a fip^ ^9^ y^fi^^ eoimmmg ic 
vafec^ Iji^ c«rA$ii% w«ttc4 <)» tfet QUCfi^ ifitih 

p:odyice a 4c^Wf^ 9f cq14 tfett toW in ^,YH^fhs«^ 
time freeze the included wa^^e^ fk)|! fijb %ftl i&I 
he^t of the ethi3r> when i;69vefted ippa vapory is^ . 
fo great; tb^ its. t^iiipq'atup^ iHecoones, rery kwr^ 
^d goqU the watec ev^n helaw fjrcx^ifig. 

Xhe ifffli^nce^. of c<^d: ptodifced Ifj i^v^pw^tipii l 
jypo exceediQ^y n^umi^ous^ Frootk tjm. g^i^ it ij| 
tt>At wai^r i$ cQjDOipi)ly,abqut; 2 degfoeea qoldu: thim 
thi: 4in:oun4ing air; th^i: d^mp. c}ot)^& piXKkioe 
&M:h chilling effe(^; that 4 wec;hai;4i <^e%th9U£^ 
wette,d witlbt/watm, wafer^ fqpfx^becqff^co^ diajf 
the. other t|iat ren^aiii3. dry^, &it., 6f;c. 

The fpeciiic he^t Qjfi aimofpheficdi: air i$ fiwivl Bi 
by eKgerimwit to t^ confidgrabljr gtrater than that. 
0f air which, is eacpined ficxQ the lungs i)f aar aodimlL 
Jhe aijr t^^eftM^ iii>4eirgj)e?^.afe<ihango iftiAelMiig^ 
which di{i>ir>ifte» its capftcig; «Mln[»#;€c«f9Clwwir 
ly in^^e ite tfoiper^^e,^ It;is,:6Bmd.9U#^ ^fi 

the 
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"i24 FACTS THAT ESTABLISH 

the capacity of blood for heat is diminiflied in its 
courfe from die arteries to the veins. From thefe 
caufcs the temperature of the animal is continually 
incrcafed. But the evaporation of perlpirable mat- 
ter increafes with the temperature, and produces 
cold. The equilibrium of thefe adions appears to 
be the reafon why the temperature of any one Ipc- 
ties of animal is nearly the fame in all climates. 
Animals that have no lungs are of the fame tem- 
perature as the furrounding medium. In cold 
countries the cfFefts of perlpiration, and the contaft 
of die circumambient air are rendered lefs by the 
clothing, as thick fur, hair, &c. that envelope the 
native animals, and are from neceffity made ufe of 
by the human fpecies. 

N ' The fpecific heat of combuftible matter is not 
confidcrable; the Ipecific heat of atmofpheric air is 
much greater than that of air which has fcrved 
the purpofe of combuftibn. Suppofe now that 
by any means the temperature of a combuftible 
fobftance be raifcd to fuch a degree as that the 
chemical procefs,]which changes the capacity of the 
air, may go on, the temperature of the air will 
be raifed in proportion as its capacity is dimi- 
nilhed, its heat will be imparted to, and ftill more 
increafe the temperature of the combuftible body. 
A very high degree of temperature will be pro-* 
duced, which will be greater in proportion to the 
^ecific heat of the air, the quantity decompofed 
m a given time, and lefs in proportion to the fa- 
cility with which it is conducted away by other 

bodies* 
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bodies. This procefs is called ccunbuftion^ when 
it is carried on with fuch rapidity as to caufe the 
body to emit light, at^ which time it is faid to be 
ighited; and it will continue till the principles of 
the body are fo changed or diffipated as that it 
can no longer make any change in the capacity of 
the furrounding air. 

The fridion of one piece of wood againft an- o 
other, in a turner's lathe, produces heat and flame. 
A nail may be hammered till it becomes red 
. hot. When flint and fleel arc flruck" together, 
minute portions of the (teel are knocked off, in fo 
high a degree of heat, that they are aft^ually biirned, 
and upon extinftion are feen, with the magnifier, 
to confiil moftly of hollow balls of a black or greyilh 
metallic colour, and about the one hundredth pf an 
inch in diameter. When the iun's rays are thro^, 
by a burning-glafs or mirror (i. 325, n), on any 
iubftance, they exceedingly increafe its tempera* 
lure, and produce the moft aftonilhing effefts. 
In all thefe phenomena the temperature feems to 
be raifed, at lead in the beginnmg, by the dimi^ 
nution of capacity, which is a confequence of the^ 
agitation of the minute parts of bodies. 

When water, or any fluid, is heated, the quan- p 
city evaporated in a given time becomes greater, 
becaufe the heat which the greater capacity of 
fleam demands is more readily fupplied. The 
greater evaporation diminiflies the augmentation of 
temperature the fluid acquires, and at a certain pe- 
riod entirely deftroys it. This period or tempera- 
ture, 



tatti aflted flrt fcurfling point, is lovwsf, the? tmre 
«fily tfipotMc thfe fluid, attd ivi!! mty ift Ae 

ifli>n6 flttid^ atcoi^irt^ly as *hc ^raporation h mdre 
«f Ids eifliy ptikitfkAi Thti i^iiit df wine bo9s 
itt: t8oS ^ata* dt ila^i mertiliy ^ feo, artd 
othtf li^iiids $A other poihtfe #efJ)e6Bvay, * Which 
they acquire the greateft heat they at* ic^tpdUfc of 
fyfMhg Witifi6ttt being tot&dxed ihtd Vapof in 
Gotten ftif«^ « tttdkn denlity. Btft if ^e eva« 
|»dtatidil be knpcA&i, dthef by the fluid being iii- 
eluded in a tidied Veflbl, or by^e iiiotafed prtf- 
ford Ufa deiilcf fttfn6!|)h<!re, ihe fluid will atiqttitt! 
s W^ief teittperatufie ; and, tn the aAntrtby, if Aft 
atmofjAefc be Kght, tt the fluid heated ht fiucm^ 
die boiling teittjjcrature wiU be lower *. 

imiioreal Dr. Bl^ck» and hiuk be^s^ improved imd Ifefiratei^ 
t)y ]^r< A; Crawford^ Or. InrittCif Mr« KsrVran^ PioflfeAl 
Wilke^ Mr. Watt^ Mr. Magellan, &c. « 
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CHAP. M. 

A DESCRIPTION OF THE METHODS OF APPLlTIlra 

HEAT TO CHEMICAJU PURPOSES. 

m 

THERE zxt few fubftances found in a na^ <^ 
tural ftate y^oft tonfBtuent parts cannot 
be ftparated from each other hf die mediods uled 
in d^tm&ry* One of the principal nfiethdds con- 
Ms in altering die ^mperature of bodies. 

A g^^eat number of bodies are found to be & 
capable cff th6 folid, the fluids and the vaporous 
^ higMy claftic form> accordingly as they con- 
-feiin lefs or moi^ heat. The temperature at whkh 
folids become fluid is exceedingly various in dif* 
lelent fubftances^ as is Kkewife the temperature at 
fvhich the intemd parts of fluids bfegin to take 
^ vaporous form, and efcape with ebulBtion. 
The number of degrees of temperature compi«- 
hended between thefe two points of freezing and 
boiling is hot governed^ by any rdation yet dif^ 
covered between thefe phenomena and the othsfr 
properties c^ bo£es. Thus mercury frizes at 
49^ below o, and bpils at 600** ; the. inter- 
val being 649^ 5 water freezes at 32^, and boils 
a«.ai2% the interval being 180^; fpirit of wine 
fieezes at 52'' below o^ and boils at 180^, the in- 
terval being 2ja^. It is probable that all bodies & 
' whatfoever are capable of the three ftates of folidity, 
fluidity^ 9M vapor; but that in many inftances 
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the freezing or boiling points may lie at tempe-^ 
ratures not obtainable by any means in our power. 
Bodies that alTume th^ vapordus ftate at a lowef 
temperature are called volatile^ when compared 
vnth fuch as require a greater degree of heat for 
die fame purpofe. Such bodies as either cannot 
be made to rife in vapor, or requkc an intenip 
heat to raife them, are called fixed. 

It is eafy to conceive how the parts of bodie$ 
may be feparated from each other by change of 
temperature. Thus, if foap be diflblved in Ipirits 
of wine, and the temperature be rendered lower, the 
ibap will afiume a concrete form, and be feparated 
lopg before the fluidity of the fpirits can be afFed- 
ed. Water mixed with fpirits is converted into 
ice by cold, and feparated for the fame realbn. 
Again, if a mixture of copper and lead be en- 
pofed to a heat gradually increafed, the lead will 
be melted firft, and will run from the copper, 
leaving it in the form of a porous mafs : or if 
brafs, which is a mixture of copper and a volatile 
femi-mctal called zink, be expofcd to a confi- 
derable heat, the zink afiumes the vaporous ftate, 
and leaves the copper alone. So likewife quick- 
filver is feparated from gold, water from clay, &c. 

The purpofes of chemiftry are in general much 
better anfwered by raifing than by lowering the 
temperature of bodies. The moft ufual method 
of heating bodies is, to place them in communica- 
tion with others in a ftate of combuftion j that is 
to fay, place them near a fire The veffels and 

furnaces 
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ftirnaces madfc ufe of are various, According to their 
fcverd applications. 

When fubftances of conliderable fixity are to be w 
expofed to heat, or when the volatile parts of bodies 
are propofcd to be diflipated into the air, open 
yeflels are ufed. The commcwi culiiiary ut;enfils 
of copper or iron anlwer thefe intention$ where the 
matter to be operated upon will not corrode them, 
and the heat is not required to be very great. Glafs 
veflels are the moft cleanly, and may be ufed in a 
great variety of procefles. They have the advan- 
tage of refifting the adtion of moft corroding mat- 
ters, are impermeable to air and vapor, and their 
tranfparency affords the valuable convenience of 
beholding^ the changes that happen within them/ 
In higher degrees of heat, fuch as would fbften 
or melt glafs, it is- neceifary to i^fe^ veflels of 
earth, or other matter. 

A mattras, is a kind of bottle fliaped mofl com- x 
monly like a Florence JQafk, thou^ iijs figure is 
various, according to the ofe5 it is intended to be 
applied to, fig. 1 50, ktter c. A cucurbit, is ayeflel 
Ae^ly o( the lan^ ftgti^re, but . with a long neck, 
fig. 1 50, letter a. It is made cither of metal, glafs, or 
eartheti'-ware. A crucible, is a pot made ufe of 
ibr melting mecal' and' other fimilai^ purpofcs. Jt 
•Js made either of pUtina^, forged iron^ black lead, • 

or 

* 

• Mir. Achard's procefs for making crucibles of platina is 

^9 follows. Take eqaal quantities of platin^^ white arfenio 
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^r earth. A cvpel, is a fhallow crucible^ made of 
calcined booes^ and uied by allayers. The larg^ 
crucibles of this kind, ufed by refiners, are called 

tefts* , ' 

In moil operations where the volatile parts of 
bodies are propoied to be feparated and preferved^ 
it is neceflary to ufe clofed veflels. To the cucurbit 
A, fig* 150, is adapted the' head b, denoted by the 
dotted line : fit)m the head proceeds a tube that 
communicates with the mattras c, which in this 
cafe is called the receiver. The head b is incloied 
within a tub or veffel, called the refrigeratory. 
The whole apparatus thus difpofed is called an 
alembic or ftill. The matter to be operated on 
is put into the cucurbit a, and the head fitted on : 
. cold water is poured into the refrigerator ; and the 
receiver adapted to the tube, by means of an 
earthy pafte, called lute. The fire being then 
lighted, forces the volatile fumes into the head b, 
where they become condenfed by the cold, and 
flow in a liquid form, into the receiver c. This 
procefs is called diilillation. ** 

When diftillation is performed in the large way, 
a very large tub or veffel is fubftituted inftead of 

and fait of tartar, and expofe them to a Strong heat^ till they 
melt. This matter, when cooled, muft be reduced to powder, 
with t^hich the moold of the veiTel intended to be formed 
mttH be filled. A Urong heat quickly raifed, under a muffle, 
and continued for fome time, will. again fufe the mafs; the 

arfenic and fait of tartar will be forced oiF, and the platina 

• . ' 

will be left alone in the form deOrcd. 
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the rdrigenttori and the vapors pafs throu^ a 
ipiral pipe called thewonn. Thus fig. 15I9A is 
the body of the ftill, b the head, d the woim- 
tub containing cold water^ and the dotted lines re- 
prefent the pipe called the worm, terminating at 
^ B> where the condenfed vapors run out in a liquid 
form. 

But there are many nAatters required to be di- a 
ftillcd that are not fufficiently volatile to pafs into 
the receiver by either of thefe methods. In fuch 
cafes the refrigerating part is omitted,- and the 
cucurbit is made with its neck on one fide, as 
in fig. 15a. It is then called a retort, and die 
receiver is ufually luted to the neck. Moft of 
the experiments made in the finall way may be 
performed with retorts, if attention be paid to ap^ 
ply more orlefs heat, according to the volatility 
of the produifts expedcd to come over. 

When volatile fubftances are raifed by heat in a b 
dry form, the pr^cefs is called fublimation. If 
the fublimed mafs has a loofe powdery form, it is 
called flowers. Such are the flowers of brimftone, 
of benjamin, &c. An ordinary cucurbit, or mat- 
tras, will ferve for the fublimation of fuch bodies 
as are not very volatile. When they are morp 
volatile, the head b of the alembic is a proper 
receptacle, fig. 150, efpecially if moift produft^ 
arife^and are required to pafs at the fame time into 
the receiver c. In other cafes the receiver is ntft 
annexed, and a number of heads are fixed one 
above the other communicating by necks, the 
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uppm^QO&om coif being clofed at top. Maf^ 
JAibiinvitQs .are attached to the chininies of funnacesy 
/ wtms which common foot is a famUiar inftance. 

c The aonftruftion of furnaces is as various ss the 
purpofcs they are defigned. to ferve. A lamp, fop- 
ported at different diftances below any characal 
veffcl, or burning with a variable number of wicks, 
is very ufcfui where low degrees of heat arc in- 
tended to be applied. Chemical veffels may be 
plunged to greater or lefs depths in a pot over the 
fire containing either water, mercury, a mixture 
of mercury and lead, fand, iron filings, or other 
matter capable of fuftaining heat, Tliefe fub* 
ifences, interpofed between the vcffel and the fire, 
compofe what is called a bath, and are of excel- 
lent ufe for imparting an uniform heat, not fubjeft 
tOi Ae fuddcn viciffitudts experieiiced by veffels 
expofed to a naked fire. Without this conifivance 
gla& yeficls would often fly or crack. Glafs or 
earthen veffels^ intended to fuftain a greater heat 
thao can be given by means of a bath, are ufually * 
cpated with a mixture confifting cliiefly <£ day 
and fand. 



\ 



• The valuable metlwd, nfed by Mr. Willis, of Wapplng, 
b fecure or repair his retorts yfed in the diftillation of phof- 
phorus, deferves to be mentioned here. The retorts are 
fitteared with a iblation of borax, to which {tymt flaked lime 
hstB been added^ and when dry, they are again (ijteared with 
a t^inpafie. of flaked lime and linfeed oil. This jp^ hitng 
fiiade fomewhat thicker, is applied with fuccefs dnring the 
dUtillationi to mend fuch retorts as crack by the fire. 

, ■ . . -■ * 

- ' Fig* 



Fig* 153. rcprcfems the wind^fumsce^ or nk o 
mekkig furnace. Inthisieiftiofi a denotes theaAh- 
Jiole, B the grate, c a <^rucibie placed on the grate; 
F a ftonc covering the upper part of the fire-place^ 
G the fide-communication between the fire and thfc 
chinnpney BH. d is a cupel occafiofudly placed m 
the current of flame that iffues from the ^e^ The 
fuel and pots are introduced at the hoi^ r. TMt 
efie&s of diis furnace are eafily explained. Com - 
iniftion (124, n) is niore rapid and inteitfe ih 
proportion to the quantity of sur iupplied and de-- 
compofed. The prefTure of the atmofphcre up- 
wards at B is greater than the prefHire of the co- 
lumn that afts downwards, becaufe the Idwer part 
c^ this iaft mentioned column confifts of a rarefied 
portion of air included in the cavity d c o e h. Thfc 
lighter column will therefore afcend with a velo- 
city fo much the greater as its rarefied part is 
longer and more rarefied. If. therefore the fire b* 
large, and tlie chimney high and fufficiently nar^ 

■ 

row for the air to pafs through before it is much 
cooled, a very powerful degree of heat will be pro^ 
duced. 

Fig. 1 54- neprefents the rcvcrberatory ftimace. £ 
By means of the dontie b the flames are driven 
back, and made to play round the retort c ; and oc- 
cafionaUy the fuel may be heaped round the re- 
tort, {q as nearly to fill the dome. 

There are many other furnaces, for the making ^ 
of glafs, the roafting of ores, and cxtrafting their 
contents, the firiag of pottery, and otha Bumc<^ 
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rous purpofes/ For the defcripdon atid u^ of xhefe^ 
larger treatiies muft be recurred to. The pUlolb- 
phical chemift may in general perform his qpera- 
tions without being under the abfolute neceffity of 
tiling furnaces conftruded on purpofe, or preparing 
any larger apparatus \Qf veffcls, A tobacco-pipe 
is a very ufeful kind of crucible, with which 
many experiments may be well made in a common 
fire, efpjpially with the afliftanceofa pair of double 
bellows. Common chafing ^ difhes, fmall iron 
ftovts, or the larger kind of ♦ black lead pots may 
be applied to purpofes of the moft extenfive utility 
by an ingenious operator. Bottles of various 
fliapes, and other veffels, may be found in com- 
mon ufe well fuited to the performance of chemical 
experiments : fuch are apothecaries phials, Florence 
fiafks, earthen pans, &c. 

The blow-pipe is an inftrument of great ufe in 
fhc cherpical examination of mineral bodies. Thi$ 
jTiay be procured in the fhops, and confifts of a 
tube of about ten inches long, formed as in the 
figure^ (fig. 155.) The aperture a is about a 
quarter of an inch in diameter, and is intended to 
be applied to the mouth in blowing: the .other 
aperture B is very fmall, fo that the wind iffucs out 
in a fine ftream. If now a candle be fnufFed, and 
the wick turned a little on one fide, the flame may, 
by this ftream pf air, be direfted ypon any fiaaall 

♦ The method of confh-ufting cheap and portable furnaces 
out of black lead pots, is dcfcribed at large in ** Lewis's 
•' Philofo^hical Gommcrce of Arts." - 
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bo(}y> and is fufficlently a£bive co produce every 
change chat the ih'ongbft furnace can e£fe£t on larger 
bodies. - ^ 

The common blow-pipe is fubjcdk to two pnn- h 
cipal inconveniences; the firft is, that the moiftuire 
of the breath becomes condenfed^ in the tube, and 
occafiohally fputing out of the aperture b, either 
checks the burning of the flame, or produces other 
difagrceable accidents 5 the other is, dut the aper* 
ture B being invariable, can only be adapted to a 
flame of one particular magnitude, whereas a larger 
flame requires a larger aperture. The blov-pipc 
beflr fuited to philofophical purpofes is provided with 
a ball c (fig, 1 56.) in which the vapors are detained, 
inftead of pafling through the aperture b: and the 
piece B niay be unfcrewed, and changed for another, 
accordingly as the aperture is required to be varied* 
If the aperture be not round and fmooth, the flame ^ 
will' be ragged and irregular. 

The body to be urged by the flamejj dire<5ted i 
and excited by a bfow-pipe, ought not to exceed 
the- fize of a grain of pepper. The beft iiipporter 
to place it on is a fmooth clofe piece of charcoai> 
which anfwers' perfedly well for all matcer^i that 
do not fink into its pores, nor are changed by its 
inflammable principle. • In fuch cafes as the char- 
coal cannot be ufed, it is neceflary to be provided 
with a finall ipoon^ either of pure gold or pure 
filver, there being no other metals that admit of 
being worked with facility, bUt ate cbangeable by 
heat. 
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K The ady^tages attending experunents niade 
the blow-pipe are many. They may be made in 4 
very fhort time in any place, by an apparatus thpj^ 
admits of being carried in the pocket. The quan-^ 
tity required of any material is fo fmall, that they 
we perforrAcd at very little expcncp* And the 
whole proceis, inflead gf being carried on in ai| 
opake crucible, is vifible from beginning to end^ 
They are therefore of great utility in examining 
bodies where experiments in the large way cannot 
eafily or conveniently be m^ade, and where they can^ 
thefe finaU trials previoufly made are often of fervicc 
to indicate the belt way of conducing them ** 

t If the blow- pipe be ufed with the pure air, cal-? 
led dephlogiCticated air, obtained by diitillation 
from iiitre> or other f^ts, it produces 9 greater 
degree of heat than can be obtained by any other 
method yet difcovered, unlefs we may except the 
heat in the focus of a few of the^ mpft capital burn-^ 
ing lenfes. 

M The burning glals or mirro# is feldom ufed in 
chemiftry^ except on fuch occafions as do not admit 
of the other methods of heating bodies* 

t The ufe of the blow-pipe is expl^ncd by Guftav von 
• fengeftrom, in a treatife annexed to the Engliih edition of 
Cronftedt's Mineralogy, and alfo by Bergman, in his Trcatifc 
de tubo ferruhiinatorio, in which the habitudes of a great 
kittmber of bodies in the fire, cither with or without addition, 
arc given. The Engliih reader will find this excellent work 
at the end of Culkn's Tranilation of Bergman's USb^y^^ Lon* 
don.. 1784^ 

C H A. p. 
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ii^ g6XpJ.ANATiON OF THE NATURE A?J0 ]SFt£CT3 
Of THE EL^ECTIVE ATTAACJTIPN, OR CHEMICAX. 

Al-FjrNiTy* 

IT ha$ been fuifidently (hewn in the former parte a 
of dbis Treatife, that the pm? of bodicis h^y^jji 
tendency towards each other, which is gdnerally de- 
noted by the word Attraftion. Were it jtiot for the 
efFefts Qf this, power, the motions of all bodies would 
be performed in right lines (i. sti, p), and their 
parts would be feparated from each other by the 
linallcft impulfe* It is, in fadt, impoflible to form 
H notion how the univerfe coulcj fubfift in its prefent 
forai without it* 

The firft rule of philolbphi^ing (i. 6.) leads us B 
to enquire whedier thte various efFefts of attradtion 
that take place in natural ^enomena be confer 
quences of one and the fame principle, or, if more 
caufcs than one fhould be concerned in producing 
them^ how far the operation of each extends. If 
the attraftion of cohefion were the fame as gravita- 
tion, its power would follow the fame ratio of the; 
diftances of bodies from each other (i. 207), and 
. would be fenfible at very confiderable intervals of 
ipacci but as it is perceived only at extremely c 
Jinall diftances, and even gives place to repulfion, 
when the interval is increafed (i. 47. z), it feems* 
neceffary to confider it as a diftindt property of 

matter. 
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itiattcr, or, at leaft, as the cffedt of fbmc other 

caufe. 
D Whether the attraftion of cohefion, or the power 
that relifts the leparation, by mechanical means^ (jf 
the parts of folid bodies, be die fame as thcrife 
attraftions which, on account of their being exerted 
more ftrongly between two given bodies, thaa, 
between one of the two and a diird of a different 
kind, are called eleftive attraftions, or cheniical 
affinities, has not been well decided. The enu- 
meration of a few Ample propofitions refpe6Hng 
attraftion, generally confidcred, may tend much 
to elucidate this bufinefs. 
t As the attraftion of gravitation is taken to be a 
general property of matter, aftingaccordingtothe 
maflfesof bodies (i. i8. t ; 26, a), and we do hot lup- 
pofe a variety of attraftions, but of denfities, in 
bodies that are varioufly heavy, fo may one general 
property caufe the particles of bodies to adhere toge- 
ther, though its intenfity, varying with the denfity 
of thofe particles, may produce various cfFefts, 

In all the phenomena of attfaftrionj^ the force is 
greater when the diftance is Icfs : and it is clear, 
diat particles of the fame mafs and denfity may have 
various figures, fome of which will admit of a 
nearer approach of their centers, when their furfaces 
are in contaft, than others. Such particles will 
adhere more ftrongly, as by their figure can admit 
of their centers coming nearer together. 

Againft the truth of the pofition, that the attrac- 
tions dilplayed in .the cohcfion of bodies, . and in 

chemical 
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fchemical operations, follow the denlity of the p«r« 
tides, it is no obJ€<5):ion to fay, that the hardntfi 
and ^Gific gravity of bodies are governed by no . 
comnnon law : for the hardnefs, according to thii i 
4oArine, depends on the denlity, magnitude^ and 
^gijre <rf the particles, and the fpecific gravity on 
the denfity of the particles, and the jftoportioh be- 
tween their ^ggi^ate bulk and the bulk of the 
ipace occupied by the pores of the bodies. And k 
as thefe attributes do not depend on each other, but 
naay vary indefinitely, there is no neqeflaty^ relation 
between hardmefs and fpecific gravity. 

The adhefion of like parts, by which a body is i; 
formed of the fame kind as the parts themielves, is 
called aggregation ; but the adhelion of parts, not 
of the iamq kind as each other, by which a body 
is formed, having properties different frcwn thole 
of the parts, is called combination. It does^^ot m 
appear that combination is performed by any power 
different from the kttra&ion of cohefion, by which 
aggregation is allowed to be produced ; or, in other 
words, the attra^ion of cohefion, and of chemicsd 
affinity, appear to be the fame power exercifed in 
different circumftances. 

If a particle of matter be furrounded by others of m 
a certain kind in contaft with it, it may ftill 
attrad: and retain others, forming a fecond envelop- 
ing flratum, and fo on, according to the force of 
attraftion it exerts on fuch particles. But at a cer- 
tain period the accumulation will ceafe, on account 
p{ the attraftion being inconfiderable beyond a 

limited 
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o Jknited diftuice. At this periad> if .particles of t 
tjpard difierpnc ]^ind be prefentcd, they ma^ be 
artrafted and retained by the central partick notr 
wkhfi^ftding, provided its attradion to thefe laft 

p be ^ftfOQger than to Abe former : and accordmgly, 
as thefe laft are more weakly or fiyongly attraded, 
chey will either form an additiowl ftratum with? 
outj or wiU \k urged inwards^ lb « to diTplace 
the others by forcing them out of the fphere of 

ti^ attraftion. The phenomeaa will likewifc be diffe- 
rent in confequencc of die greater or left force <rf 
attrafUon mutually exerted between die particles of 
dii^rent kinds applied to the central particle, 

n A particle furrounded by as mwy of another 
kind as it can retain^ may be confidered as a-fimple 
jparticle with refped tq fuch particles of a third kind^ 
as it can attra& and retain without difplacing the 

^ former* 

s Let a particle be fuppofed to be furrounded hy 
as many of. another kind as ic can retaioj and 
glib by particles of a third kind, enveloping the 
former i let the a£tra6i;ion of the central particle 
be fuppofed greater in like circuniftances with rc-^. 
fpeA CO the external kind, than to the kind of par- 
ticles which arc nearcft to it, but flxongcr on thefe . 
* laft, merely on account of their proximity j then, 
if the whok be heated, the rcfpeftive diftances of. 
all the particles will be increased (iij> x); this 
increafe may augnicnt the diftances of the neaner. 
in a higher proportion than of the renn«)tc pgrtides, , 
and confequcntly caufe the attradions of the central. 

particle 
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particle on each to approach nearer to equadhy, or 
even caufe attni&ion oh die exo^rnal fbatum to 
become ifreatoft $ and again, the. inner ftratam 
of particks having their int^ices rendered larger, 
may admir the outer to paftf through without knpe- 
dim^t, and pdfefs the nearer place : that is to fay, t 
htet may caufe changes of conobination tor take place 
that would n6t have obtained at a lo^er tenape- 
rature. 

The fimpleft parts that enter into the campa&* u 
tkm of bodies^ nmnely, fuch parts a6 halve not hither^ 
to been decompofed by any noediod of anatyfis, 
tor obtained by the combination q( other fimple 
bodies, are termed elements or firft principles^ 

When a/combination of two fiirft principles enters ▼ 
into the compoiiiion of a body, by uniting with 
fi&mt other prindple or principles, this combination 
is temied aiecondaiy principle of the body it entjera 
into (140, r). 

Tko&y fulphur and fait of tajrtar> melted tog^dier> 
form a codfipound. called liver of fulphur^ inta 
wJii<::h fulphur, though not a ikitple &bftance». 
enters, as a iecpndary prin^riple, and fpotn which it 
may be again feparated, by proper cwthod^, in its 
original form. 

When principles are combined in fuch propor- w 
tions as to form a compound that exl^bii& the leafO: 
pofflble any of the diftin^ifhkig propertiei^^ of the^ 
principles, th^ are faid to be faturated wilEh each 
other. If either principle exceed this ^oportion, 

it 
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it is faid to be imperfedly or partially faturated> and 
the other is fsdd to be fuperfaturated^ 

For example, if ipirit of fait, or the marine acid, 
be added to fait of ibda, or the marine alkali ; the 
compound will exhibit acid properties, if die 
firft abound beyond a certain proportion ; or if die 
latter predominate, the alkaline properties will pre- 
vail s but if each be in due quantity, the compound 
will be common culinary fait, neither acid nor 

Mixture is the union of prmciples, which remain 
neverthelefs in confiderable mafles that adhere to 
each odier relpeftively, either by reafpn of the 
fimilar principles having a greater attradion to 
each other than to the principles of another kind, 
or becauie the heat of the mais is not fuffictendy 
great (141, t) to caufe that chslnge which would 
produce, an intimate combination of the whole. 

Oil and water, when Ihaken together, do not 
combine, but only mix, becaufe the parts of each 
relpeftively attraft thofe of the fame kind more 
ftrongly than the other : fo Hkewife pot-afh and 
fand may be mixed without combining, but an 
increafe of temperature in the furnace of a glafi- 
houfe will caufe them to unite, and form the com- 
bination called glafs. 

To produce a change in the combination of the 
pats of bodies, it is in general required that 
the temjperature of the whole (hould be fufficiently 
high to melt at leaft one of the princij[)les. ^ 

WJien' 
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When a fluid conibines with another body with* z 
out lofing its fluidity^ jdhis laft is faid to be held 
,ia rolution> or diflblved^ and t the fluid is called a 
folvent or menflxuum, 

A roenflruum faturated with one principle may, a 
notwithftanding, take up another (i39> k^ <m) 

Thus £^t niay be diflblved in wscer> and wihen-it , 
is faturated^ ^d will not ad on fait, it will diflblve 
fugar. , ' 

When a fluid that holds one or more principks 8 
in folunon lets one fall upon the: addition of ibme 
new principle to which the combination has a 
greater affinity, the principle let fall is faid to be 
pi:ecipitated by the newly added principle, which is 
called the precipitant* 

Epibip fait coniifts of magnefia, combined wiili 
the marine acid« If this lalt be diflblved in water^ 
and fait of tart^ be added, the magnefla will fall i$i 
the. bottom in the form of a white powder, and the ♦ 
fait of tartar will combine with the acid, 

, When- two prirnriples being united are fo fepa- c 
rated on the addition of a third, that one of the ori- 
ginal principles quits the other, and forms a new 
combination with the third, the decompofition and 
new combination are faid to be produced by fimplc 
affinity. 

. ,Common fait, as has been already obferved, 1$ 
a copibination of the marine acid with the marine 
alk^* If oil of vitriol, pr the vitriolic acid ba 
added, the alkali will quit its acid to unite by . 
ftronger afiinity with the acid laft added, with 

which 
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which it will fbnn t new fdc, balled 

laity while i^ marine add being dyttagB^ecl^ Aia 

off* in an daflic ftrni. 

When two compounds;^ confifting each of two 
principles^ ore preibitcd' to ^ each otheti and the 
combinations change die order of thek priiiC^pdiSt 
becaulc the attraftions of one principle ^ the ^ne 
to one principle of the other, and of the rennaiaing 
principle of the one to the remaining principle of 
the other, are,, togetho-, flrongcf Aan the attrac- 
tions that tend to preferve die original fbtm,' the 
two decompofiidon^, and two new C(ki^bifMtions, 
are faid to be prodttced by double a^ity • 

S^-ammoniac is compofed of die mai'kiift s£dd| 
combined with the volatile alkali, or ialt coili- 
monly ufed in finellhig bottles. If fal-^acftmoniac 
in powder be mhsed with flaked lime, the iluirine 
acid unites with the lime, and the waW of the 
Kme joins With the volatile alkali, which rlf^'iihme- 
diately in penetrating fumes. This mixture being 
haftily put into a retort^ the water and volatile 
alkali corine over toge»ther, by the- afliftance- of a 
gentle heiat, in the form of a pungent fluid,- csdled 
die cauftic volatile alkali, or, by apothecaries', fpmt 
offal-ammoniac with quicklime. In this procefi it 
is not fimply the attradion of the marine acid to 
tJie quicklime, nor the attraftion of the water to the 
^kali rfiat occafions the double change of combi- 
nation, but it is the united force of both attraftions; 
fbr if dry hot quicklime, dfiat is to fay, quicklime- 
containing no water, be made uft of, the fal- 

ammoniac 



ftttimomac h not decotnpoftd^ die fimpte attr^on 
of the marbe acid tt> the quicklime not being fiiffl^ 
dent to ovettome the ac&afticM of m component 
principlcfif* 

There are many ntore compounded effc As of the x 
mutuai attradions of die parts of bodies in various 
circiinndKanees. To interpret thefe is a noble tall;, 
but not eaify i for it requires an extenfivc acquaint- 
ance with fa£h,' a lively imagjuiadon, quick and 
accurate habits of reafbningi and^ above all, a mind 
free from prejudice* 

Fluids in general' difiblve a greater -quantity of r 
any fubftance when the temperature is higher 1 but 
this is not univerfally true. The caufe of the general 
fa6b feems to be^ that the fluidity of the matter in fplu-* 
tion maybe better maintained (.1289 u) at a higher 
temperature i that in partial folutions, where all the 
principles are not taken up, the heat^ by volatilize 
ing fome principles, may render the Iblution of the 
refidue more eafy: and the reafon why in Ibme 
cafes lefs is taken up by a fluid at a higher than 
at a lower temperature is, probably, that the gene- 
ral efFcd of heat being to oppofe (113, x) the 
attraftions between bodies may operate more 
ilrongly than the other cauies here taken notice of. 

Thus, jfbr example, if water be made to boil on 
falij^tre, it will diflblve a confiderable quantity j 
but if the clear folution be poured into another 
veflfel, and fufFered to cool, a great part of the 
fait will feparate in a folid form. On the con- 
trary, if the acid of nitre, commonly called ipirlt 
* Von. IL L of 
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of nitre» be taken of a given ftrengtb and mode-' 
rate .temperature^ and it be founds by previous 
experiment with a like quantity of the faipc acid, 
"how much quickfilver it will diflblve, and this 
quantity of quickfilver be added to. the acid fo 
taken, it will of courfe difappear by gradual 
folution: if then the temperature of the whole 
be increafed, a great proportion of the quickfilyer 
will be again let go *, and that before the heat 
has rifen to the boiling water point. 
o* Chemical proccffes, in which water is a princi-^ 
pal agent, are faid to be performed in the moift 
w^ : thofe which are performed at high tiemperar. 
tures*, and wherein water is litde, * if at all> con- 
cerned, are faid to be performed in the dry way. 

• In its metalSc form. This curious fad was commoni* 
eated by Mr. fiabington. 
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Oy THE FIR5T COMPONENT P]UKCiPL£St)F BODIES. 

Or svch as are the most simpu.- .. 



* f 

, i • • 

hX' bodies arepatts> either of animal^ vege* u 
ta|)le,qr mineral fuhftances* During the 
life, of animal and vegetable fubflances^ 4irarious 
procefles^ both mechanical and chemical^ are eat^ 
ried <>n within them, by means hitherto very im* 
perfeAly explained. The principles that enter 
into the compofition of thefe are far jfrom being 
iimple. As ibon as their ftrudhire is, by yiofence 
or otherwife, fo impaired as to deftroy life, the 
ftlrrangement of^ chemical principles b^ins to 
change. Decompofitions and new combinations 
take place among the folid as well as the fluid parts» 
The organization of the f eflels is deftroyed, and 
after a certain time the whole, as far as obfenra^ 
tion can follow the proceflcs, returns to the gc* 
lieral repository of minerals or unorganized matter, " 
from which it origiijated, and cannot again be 
.diftinguifhed. 

The fimpleft bodies are air, Witer, falts^ earths^ f 
and inflammables. Many chemical philofophers 
of the firft eminence are now bufied in difcovcring 
or afcertaining the component parts of thefe s but 
the limits of the prefent work, as well as its in** 
tention, will not; admit of entering, esccept occa- 

Lr a fionally. 



fionally, into the confideration either of the fads 
or theories they have exhibited to the world. 

X Many fubft^nces may aflbme the aerial fbrm,^ 
either by their diTengagement by fttonger affinity 
(143 J ^y^ ^ by increafing then* tennperature. Air 
is diftinguiihed from traniparent vapor by its more 
pemoancnt elafticity. It is probahle that this dil-, 
ference confiits in the greater a|ttitude of vapor 
for imparting its heat to other bodies^^ or com^ 
biaing wt& them. There are feve^al kimk of air 
dntft loCf their da£kici£y and combine with watefj 
if pcefented to them;, and theis are others that 
caAAOt be kept in anelaftic form for any length 
of time» merely becaufb of their aptitude to com*- 
bine with every^ fljuid that has hitherto been tiied 
te ooo&QC them. 

t , When 2iir is dafled among fimple fuUlances, no- 
thing moie isi therefore to be underftood dian that a 
variety of principles are obtainable in this fbim, 
oivchmoEe Gkngie thaa it is probable they will 
ever be n^ with in any odier. 

M Water enters as a fimple iiibfitance into die 
compofition of many bodies* There arc no nn- 
equivocal proofs of its having ever beei> changed 

K or deconapoTed in^ any chemical procefs. Yet if 
ir^ammai^le air and pure air be burned togedier, 
water is produced which i&, (aid to be equal in I 
weig^ to the quantities of aur made ufe of. 
Whence it h concluded, that water is compofed 
of tho&surs. combined together in the heat of com* 
buiiion (141, t)^ during which a£t^ the latent heat 



v4i(t§ppcc.fippni Hjgq^.or.bwiWii^. For ^henufcal 
Jpatp^Hs^ W«sr ihQ«^ k^ diftWed in gWsyeffdi, 

more than t^w^tl^ud^ lof the webolc quaorkjf. ftoiaid 
1)9 [4i!»iyft off; Tlic iiglneft) cleaiFdi^ tni moft 
Ji#^s : wjw^er,: which Uthera wcU wklj foap^ is . 
j^^il^ tha^ fqch waters as -we deHcicitt in tbe|e'^ 
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_ ;S^t$J^'e fuch bodks as arc ^iflirfyabl^ for the i 
n¥ift part in l^f« iKan two hundred tunes their 
w€pght of boiling .watCT) and niore or lefs zStSt 
jthe organ of tafte. They. Uquefy by heat, which 
caufes them to evaporate^ cither in part or to- 
tally, accQtding to the component parts of the 
QHt, and the intenli^ of temperature* 

Simple ialts are either acids or ^alis. Com* q 
^pound falu are either combinations of acida with 
aikdisi ]K^ch are called neutral falts i of acids 
with eartb» called middle {alts -, of acids with me«- 
t4h QtU^ oietallic falts 3 or combinations of ^^ 
Willi e«ich othe«. 

EiuthraiDe taftelefs brittle fuhftances^ di Bering r 
from &k$ by their Ids folubility in water, the 
^ftii^iihii^ limit being not founded in nature^ 
iHit arb^wy* Wa^er at a high temperature^ as 
when, Cjonlmed in the ftrong nietallic veflbl called 
Papin's ]]%efter3 will difS^lve Ibme^ and probtably 
aU card^^ The fubft^oes daflb4 un^ifr this 
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dde are notlahible m liie^peit air Ift -Iti* iSxn 
between fix and &ven huodrod times thek wc^t 
of boUing ifv»fiet> Theyar^ not ivfcepttbleof the 
metaUtc lufbe. In the fire tlxy are fixed. A low 
}ieat doesr not alter their foim or odter pro^ertieit 
and Gmph earths i^e noc^-fefible - afene^ by the 
nioft violent heat that art can produce* 

Simple earths are £vej; : calcareow elithi or ptrre 
qiuck*lim^; ponderous ekrAi ihagnefia ; ^aigiUah 
•ceoqs eardi, or- pure -clay j aoed ftHceous eaith* 
Thefe earths have never y« been decompofi^. 
Like all other fimple fubftMCfes^ they are never 
found puipe> but the nniethods ufed in chemfftry 
<an ^afily fepalrate ttem^ from* the noateera they 
may happen to be either combined oi-- mixed 
with.' ' < 

Inflammables are fuch bodies as with accefs of 
pure air arecl»pable of maintaining the- a(ft of 
rombuftion (r!24, h). It is noteafy to exf^aia 
this Wohdeffbl procefs. According to the great 
STAHL4, all inflammable bodies contain a prin- 
ciple called Phlpgifl:on. This principle is /carce- 
ly to 'i>$ exhibited- alone j becaufe its great ten- 
dency to combination caufes it to adhere fo forci- 
bly to the pitinciples it maybe united with' as not 
to quit them, but in its paflage to fbme other 
principles to which it m%y have a greater aifinityv 
The affinity of phlpgifton to pure air fe taken to 
be greater than its affinity to mofl: fubflrances that 
contain it, • Upon a proper increafe of tempera-* 
lure f i4iy T^^n the infl^mmaWe fubftance, and the 
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puH^ air eoitiiRguGQs-ib <it^ a rapid dec6mp6fitioA^ 
txkh place. The plibgifton quits the fubftance 
to unite with the air^ *and the proceis jgpt% on^ 
if a fuificienr quantity «^ air be prefent, till the 
body isr deprived v£ the ^deor moff parf of its 
phlogiftctfii'' at wfaidi tinoe it is faid to be calcined 
or burned, , . -^ . ^ 

It is the ififfcwery of Dr. Addr Cra«rfbrd^ diat tf 
the> capacities of bodies for heat are klsj the more 
phl<^iftoniiiey contain. Whence the great increafe 
of ttimperatare in combxiltion is fliewn to anfe from . 
the heat rendo^ lenfible in tonfequente of die ca- 
|)acity of the air being diminiihed by phlogifticadon*. 
' The fiiripleft infltoiniabie fubftantts are, in- v 
£ammabl6 air^ diamond^ plumbago^ fulphurs^ 
and metds. More compounded inflammable mat* 

* A refy^B^hlt' number of dieiiiif&> cUefly Piench^ do 
not adimt tke exift«iice of fhtopSiOB, bat txplaia the^pm- 
ccffibin w]^cIi.pl^(^giflQiiis faid to Jie concfmed^ in ainotber, 
wajr. According to th^xn, it is not the fabtraftioa of pklo- 
giilon^ bat the addition of air that converts, metals into 
calces ; and in procefles for the redudion of calces the metal 
is Md e^ 'te leviv^v Hot by the acee&n of i^logifton^ 
btttibytlteloA^.theair that had combined with it« ' This i$ 

thcJea^ii^.fc^t^rcijOf^the new theory* n^aii^tained, by hiSt», 
and.dedadt^ons, which^ if they fhonld faU in overthrowing^ 
the'doftrine of Stahl, will, however, be of great advantage 
to ttieftc^, Irf ih&y refpetts. ^his imjiortant fabjifft cannot . 
beiiee&iiftti&dtt'ttei^iLeory wiiicli admits the exiAcnceof 
pWogiac»r wiU; be acQ^ifd to ia this. ifrox^» becaiif^. it is ^ t 
inoil generally reQCJived, and becaufe the anthqr thjmksit the. 
mo(l probable of the two. * . 

L 4 tcr 



, ter are, k^nac »r, .fpiriti, tfiifai^ ^ .4^it»IPflV 

, C09I, aod generaUy aU aoiiml »ad ]reggc44c ^|tK 
ftances in their natural ftate. 

w Whyen 4 metals dther by cmnhuftiQA pr oihn^ 
wifcj 1$ depriydd of 9 p^ of its ;d)Jk^giflM)> it 
Ipfes it$ maiUeabillty^i afliun^ xniuiy of the proper 
ties of an earthy and no longer exhibits the luftcci 

\. peculiar to this clafe of bodiea. In .this ftat^ it 
is calkd a c^ and forms combinatiom with ia^ 
line fijbftattces* When the metallic ftatc is le- 
ftpred, by ;gdding pWogifton to a nictaUic s^i^f 
the metal |s iaid to be revived, 

K l^ytry fubftance, which pafles froro. 9 -fluid to 
a fplid ftate^f appears to have its parte ^ranged 
in a fymmetric^ order, that extends to ^ greater^ 
or lefs niunber of particles^ accordin^y as the 
influence of external circuniftances, or the rapi- 
dky with which the change of ftate is p^rforinQd 
aje concerned in the poocfs. Thus ym fee that 
moft ininerds) faline combinations^ whether ob« 
tain.ed, by folution or fublimation 5 andmef^k, 
if fuffer^d to cool fjowly^ have their peciiliar 
fprm^, though in &me more evide;ijit ajjd. diftuj« 
guifiiable than in others. This ffQ^rtfiy i^ajkd 
ctT^attizationj, is by ibme diftingui^ed into pm 
Jcinds : the one made in a menftruum, as fdt cyy. 

flallwse? in water* a^dl the other by mer^ cfoling, 

w wh^ waijcr 6^e7e$ alpn«« Thoic whet affirm 

that heiit is matter^ ims^ne it to be the mediim 

in ^ich ^is i^ cryfb{ffizat3on is performed. 

It 



(it W0uti b)6 w'w^ advantage in miDcralo^j 
fnd ^17 HQtfaer fcience related to chemiftry, if the 
external appearance and figure of bodies could 
1^ applii^ to the purpofe of knowing what da6 
they hcUmg to. Tins is indeed done with foxoc 
faccefs, :hy iuch'as have pppCH^unities ofexamiiH 
ing^ mdit74)eciaaen&; but 00 general rid^ oan be 
eftai^iilhedi on account of the exceedingly great 
numbeir of exceptions that ar^e f^m.w^m^^ 
ftafke^ w differences in fhe compQU|i4» either too 
mmnte for the chemical analy£s to afcertainj or 
i||l>arently-too infignificant to excite ^e atteatioa 
<rf the obferver. 



C HA P. V. 

THE HSTHOD M>T MAKING fiXPERIMSNTS ON TA^ 

ElOUa KINDS Q^ AtR. 

EXPERI^IENTS to be jnade widi die various z 
kinds of ^r req\ure an apparatus of vefTels 
prefer for confining it. The chief are thpfe we 

are about to describe. 

• • • , • * 

Fig« 1 57^ A9 is a tub for contaimng wator^ In a 
this tub /is fixed a ihelf r, k> fb placed that i( 
may be aboqt an inch below the furface oi die 
wa^, when the tub is oieady &1I. b and w are 
cylindrical ^a& jars, c is a bottle^ into 4J26 
ned^ of wliich the bent tiabe x> is fitted^ by grind* 
^P^v. ^VH^ ^^ ^ha£the reilcl b i>epkinged 

in 
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in the water^ fo as to be filled^ and afterwards raled, 
with^ its mouth downwards^ and plated Oirr the 
iheif K> it will condmie faU of water on thep'in- 
cifie of the barometer ; if its rim be made to ortt^ 
hang the edge of the fhelf, k wfll be eafy to 
kidroduce the end of the tube d beneath it ; and 
i£ the reflel c contain fuch matters as by -their 
d&ion on each other fumifh mf> the air wUI pafi 
trough the tube d^ and rife to the top of b> ^exp^ 
ling more or left of the water. ' A candle majr be 
applied beneath o in cafes where heat is wanted; 

* * is a imall retort, fuppoftd to contain materials 
i^ afford air to the veffd f. 

Air may be transferred from one veflcl to an- 
iwher by the help of a glafs-fiinncl under water.. 
Thtis the veflel o being fiq)pofcd"tD be preVioufly 
filled with water, and placed on the fhelf, . over a 
h^c in which the funnel h is ftuck, the air may 
be poured out of the veffel i through the funnel 
iitto G. 

Many kinds of air combine with water, and 
therefore require to be treated in an apparatus in 
which quickfilver is made ufe of; ' This' fluid being 
very pondo-ous, and of confidcrable price; motives 
both of convenience arid ceconomy, requine that 
the m>paratus ihould be made finaller than when . 
wateris ufed. 

V Where die change of dimenfions that folfews 
fism themixture of different kinds of air is required 
to- be afccrtained, a graduated tube (fig. 158.) 
is made ufe ofir And bccaufe the falubrity o( com- 

• mon 
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men ail- i^^rfc^ipoied to be detcrmmable by this 
ntean^t ^ickftmbe iscaUed\aii eudkHnetxr tube, 
Ther^ ^u« a[qp«ra£us of a lefs fimple conftnadiOiiy 
wkiieh' ar^tntcndcd to anfivcr the feme purpofe, and 
are caHedrcudiometers. 

Fig. 159. Is a glafs-apparatus fiw impregnating t 
vf^t^t with fixed iair. It confifts of three veflels. The 

> ■ ■ * '. ' 

lower vcflel c hai an orifice or neck d, with aground* 
ftbpper J the veflfel b is fitted by grinding, in;to'liie 
neck If o€'the vdHel d. At e is a glafs^cockj affd 
in the lower n^ck of the middle veflel b is a valve, 
opening upwards. This valve i» compofed of two 
tubes of glafi, with a moveable plano-convex Icna 
between^ as reprefented in fig. 160. The upptt 
veflfel A is fitted, by grinding, into^the neck i of 
the velfel B. it terminates bdow, in a tubialar 
form o, and isidofcd at top by the flx>ppcr p. The 
procefs is dius conducted. Pieces eidier of marble 
or chalk are put into the lower vefiel c, and tmter 
poiired. thereon ^ the veflel b is then filled with 
#ater, and placed on c, by infertirfg its lower part 
in*thc iicck h. The atipty veflel a is' placed in. like 
nKmnci* on[ B, its Hopper f being in its place. JjA* 
ly, a^fimll quantity of oil of vitriol is poured into 
the orifice d, which is then elofed. The vitriolroo 
-acid combines with the earthy jiart of the marble or 
chalk, and diiengages the fixed air that entered imi 
its combination, which, of courfe, paflfes through 
the valire at hj to the uppo^part of the veflel b. The 
difplaced ^ater being prevaited from delbradingby 
^he valve, is forced up through the tube o into Ac 

veflel 
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•vcflel 4 f :fi)^^ i^ (un^ that the .axnmiifi air in 
^ laft veflcl i$ paiH^^yrcoiidenfe^^ ao^partly ^S^j^y 
\3ij[ ^t^ the &xxgs^ Tp which i&grauA4 ^mi;al^ to 
DfHycAt its fticki^g« WJ^en the water in a has cfe- 
feended as low as the orifice of c^ t^e fjxedair.paSes 
up through the tube infteacj of water* anji escp^ the 
cc^mon air from the upper part of a. Both furr 
fagc?, of the water being thus cxpofed to the fixed 
^^ this Huid gradually abforbed, gives the water 
daat iiy^ly fiibacid tafte, which is die difti^jguiihr 
ing character of the Py rmont water. 

H . Xhqfe who are not. provided wkh thci appttatus 
j;^rt defcf^b^f may fupply its plaqe by the hei^ o( 
vtcnfils tlpt are every where to be met. w^th*. a 
'(fig. i6K).isahalf*piot phial^ 3 abl;Ki(^r> whoft 
f^dk.M ^^d round a cork that fits the moudiof a^ 
:^d ha^ a hole made thrpugh it with a heated wire. 
^Xl^ j&me bladder is ieen at i>> with a bent tube i 
Aock K the hole of the cork. Ih the phial" a i$ 
chalkj widi water acidulated with oil of vitriol. The 
&MDd Mr that riies is received in tlie l^bdder^i pnvi^ 
eufly amoifteaed. While the bladder is fillii^ a 
qoart botde c^ ML of water, is to-be inverMd ii^ 
the l»ionri wfaichiikeiRife containiiig a little water^ 
prevents the commoa ai^ fiiom lifiiig into ^^f;^ . As 
hon:M ijie bladder is filkd it is.t^n ffom Ae 
fhiaX.An , Titer tube jb is infertodi >:^' ?ts oi;ifi4e 
r«&% fisctd under the fOG^i^thK^ the ^m i^de 
I in;tb« figwrc.:. Tjhp bladder. .b«^g*hefti^eft«|, 
fixed ajar afcend^, teethe ^per part 4^ c as the 
: timfe that «o eqyval bii^k of wsu;er d^fc^nd^into 

die 



the bafon. By ^tating die botde* c^ vrithout witlU 
drawing its neck from the ^^ater^ tlie fbsitd sdp b^ 
comes "a&foAed in a few- fetondsi, md the Water 
pealcends, ' This proce& being repeated two or thrte 
times, the water becomes faturated, as a^»s by 
the fixed air Being ho tohger abibrbedl 

Though this method poflefles tRe advantage of 
convenience, to fuch as cannot ufe die other, yet, it 
does not produce lb ftrong an impregnationr; partly, 
becaufe the water takes up more fixed air when coti" 
denfed by preffure, and partly, becaufe in this laft 
methotf the water in the bafon being cxpofcd ta the 
atmofphere, gives out a portion of the fixed ait 
it contains* 
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C^HCl&IlliS^O WAXiBR, ACIOS> AHO Alk^AH9i^i 



THE pFOpetties of w^?er have bmti ibiofeti k 
advetiKid to^ in die forrotv paros of :thi8 Tm^ 
tife, that' it is die Ids neceflkry t» tttal^ them dtiAi^ 
fiyely in thia. plattC. Wacer in fMxmg irfually . 
ftflunn^s a fynunetricai fimtH^ whichr ii ihataf 
needteft c!t)ffing each edier at atig}e$^ <^ <c^'/«lr 
1 20^. ' This arnmgcment of the piirttubccafiontille 
mafs- to 'occupy confidcraWy more*fp8ce ti^oh'te^ 
fore, and the expanik>ni which is pecfeimi^^alimift 
inftantly, is ftfFaftedix4di fbch prodig^nrforce,^ drift 
no veflel has yet been vifyi tdbat can widiftand it. 

Bomb- 



Bmilvihells and gun^banids kove been brodcenbf 
freezing water in them. 

L From this expanlkm it U^ that ice is ^ecificaUy 
le^ heavy than waterj and confequeittty floats t^>oA' 
it^furface* 

M It is equaUy difficult to afcortain my limits to the 
force with which water in a ftsttd of vapour ihay be 
expanded by heat. 

M Water is fo univerfal a iblventi and «nteb into (o 
many chemical proceiTes, that mofi philo!(<^hers 
overlook its agency^ in the confideration <A fad» 
it is concerned in : and to this circumtftaboe it is, 
perfiaps^ chiefly owing^ that its component parts 
have hitherto been iindifcovered. 

o Acids are falts^ which are four to the tafie. 
They convert the blue colour of tinfture of helio* 
trq»ium * to a. red, and caufe an ebullition or 
efcape of air, if applied to chalk or mild alkalis. 
The affinity of the purer acids for water k flichi 
that for the moft part they cannot be obtained in a 
concrete ftate $ and their a6tion on other fubftances 
is fe generali that they are never. found pure^ but 
require the afliftance of art to render them fo. 

p The acids found in the mineral kingdom are> tbe 
aerial acid or fixed air s the vitriolic acid^ known in 
* commerce by the name of oil of vitriol -, the nitrous 
acid^ called ipirit of nitre -, the marine acid^ called 
ipirit of faltj the acid of fpar> or iparry acidV the 
acid of borax^ called fedative fait ; the fuccinoua 
acid^ or acid of amber; the phpfphoric acid;^ the 

* Called litmus by the dyers. 

acid 



acid ofimAH^miikedisi^ ^fiAi^ftdckr attd^dutiMtd 
of tungften or wolfraip. .-.i.\, : ri -..r'n^-^-.i-. 

vinegar, the acids of tartar, of fugar, gf^foKfti^ 

^ Tbf^acidft; peculiar to the ajfj^caa^ kiagiosftjti^iWi 
the acids of rniik, of fugar of miIk^ijQ|: ^nt^.c^.i^ 
I0W4 o(\fP^^^ ^^fi and; tlie addum. pp^s^./j; . 
.i¥«;9$ij(9l»)^5att^ #oin^ acids iire.fe iur jfirfrnJ^eiog^: % 
flfllpleit tl^ n94iijr of them are rdolvatile iiUftjtr 
by: tl^ :{KrQce£| of di^latiou. The ^ial ^ A« 
phfiyr^9«ir^<i»> thpugh cnum?rj»tc4 kjitJip ^mmi^: 
kingdom, are alfo obtained in great quantities,, h^ 
from animal and v^Qtable i^atters* 

Modern chemiftry has difcovered muy: a^d^^. r 
and theit is g^xxi reafon to expeft tliat theij^, owir 
ponent parts will be diiclofed t^ thelabour^ of our 
cotemporaries ; but the Valine falts ftili remain no 
more than three in number^ and have not hitherto 
been tnrated in any method that promifes a fatisfac-* 
tory analyfis* They have a peculiar cauftjfc urinpus:, 
tafte, and coav^t the blue colour of the tin^ure oC. 
heliotropiuoi to a ^^en» 

The ,y;egetable fixed alkali, impure famples ofu 
which, ^^m^ with in commerce, under the names: 
of £ik of tartar^ .pot*afh„ pearl-^afh. Sec. is woSt 
plentifully obtained fiom ratable fubftancei* 

The mineral fixed alkali is met with In an im* v 
pure ftate, in commerce, umfer th^ names of kelp, 
barilla^ ibda^ or iait of foda. It is found in the 

earth* 



Mfilv Either pure or* in combittttion with' other 
matters. The iea contains inmieiile quantities of 
ir^ where it is one of the coi^kuene parts of com- 
mon fak» and it is the ndoft proftiiaMf obtained 
from v^tables tki^n contain {ctt^Sk. 

/w The volatile alkali is- (bid by^ die- apodieesuieft 
under die name offmelling ffaks^ or fal-volatilc^ 
in which ftate it is combined' witti a^ )ai^ pofdoii 
of aerial acid. It is moft plentiftdly obtained fitfm 

' animal fubftance^ being combined in them with 
other principles. The proc^Ts of pmrofaSioft 
throwa^ it off into the air^ together widi other 
▼olatile matters diat vidat?e> and often iKfguife its 

finelL 

» 

X Alkalis, combined with the aerial acid^ are ftid 
td be mild; when they arc diverted of every acid 
they are callfed cauftic. 
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aitt fiUQlffH^iB$ W SIMPLE OR PRIMITIVE 

EARTHS* 

....... 

CALCAREOUS earth is in a tolerably pure Y 
_ ftate in cortimon quicklime. If pounded chalk 
be Several times boiled in diftilled water to fcpa- 
rate by^ folution fuch faline matters as may be 
found in it, the remainder will confift almoft 
cntirely^of calcareous earth, united to about an equal 
weight of fixed air, or aerial acid. If diftilled vine* 
gar be added to this powder, it will form a falihc 
combination with the earth only, at the fame time 
that the fixed air, afluming an elaftic form, flies ofi^. ^ 
To this folution, decanted from tHe impurities, mild 
volatile alkali being added, the alkali will unite with 
the vinegar, while the calcareous earth combines 
with the fixed air of the alkali, and falls to the bot-> 
torn. This powder, well wafhed and dried, is pure 
chalk, or calcareous earth united with fixed air. 
This laft may be driven off by fire, and will leave 
the pure calcareous earth difengaged. 

Calcareous earth requires about fix hundred and z 
eighty times its weight of water to diflblve it at the 
temperature of 60^, to which it gives a pungent 
tafte. This water, called lime-water, acquires a 
white cruft on the furface, by expolure to the 
atmolphere, which breaks and falls to the bottom^ 
another cruft forming foon after, and fo on till the 

Vol. II. M whole 
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whole of the lime is precipitated. The precipitate 
is chalk, or mild calcareous earth ; whence the pro- 
cefs may be eafily explained. For chalk is fcarcely, 
if at all^ foluble in water : and the lime contained 
in the water being converted into chalk, by the 
acceflion of fixed air from the atmofphere, becomes 
an infoluble cruft, that falls at intervals, as its 
quantity becomes too great to be fupported at the 
furface. 
A This earth is foluble in all acids. It is infiiiible 
in every degree of heat yet obtained, except that 
of the famous lens of Parker, in London, which 
produced a flight beginning of fufion. Yet it 
will melt in a more moderate heat, if mixed with 
other earths, of which it appears to be the flux or 
folvent. 

B The Ipecimens of calcareous earth are very 
many. Lime-fl:one, chalk, many kinds of mar- 
ble, and almofl: every one of the numerous varie- 
ties of fpars, whether tranlparent or opake, confift 
of this earth combined either with the aerial or 
fome other acid. Aerated calcareous earth may 
be known to predominate in any mineral, when it 
froths on the application of an acid. 

c Terra ponderofa, or ponderous earth, is not 
met with in abundance. The commonefl: fpeci- 
mens are the ponderous Ipar, or marmor metalli- 
cum, fo called from its great weight, befl: known 
to our Englifli miners by the name of cawk. 
It is met with opake, white, grey or yellowifli, eidicr 
irregularly fliaped, or in a Angular form, refem- 
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bling convex lenfes, fet edgewife into the mafs 
it adheres to. The tranlparent fpecimens are priP- 
mical^ and of confiderable hardnefs. All thefe 
confift of ponderous earthy combined with the Vi«- 
trioliC acid. 

Ponderous earthy combined with the aerial acid^ D 
has been found at Alfton Moor^ in Cumberland, 
It refembles alum> but is of a ftriated texture^ aind 
its ipecific gravity is 4,331. 

If the ponderous fpar, or ponderous earth com- Z 
bined with the vitriolic acid^ be expofed to a ftrong 
red heat, for about two hours, with near twice 
its weight of fixed alkali, the acid quits the earth 
to combine with this lad, forming a neutral falt^ 
which may be wafhed away, and leaves the earth 
combined with fixed air and water. The fixed 
air may be expelled by heat. 

a 

Pure ponderous earth, thus obtained, is (bluble p 
in about nine hundred times its weight of water. 
-This water refembles lime-water in tafte, and de-. 
pofits its earth, by expofure to the air, in the fame 
manner. 

The properties of ponderous and calcareous o 
earth agree in many refpefts j but in others they 
differ fo much, as clearly to evince that they are 
not one and the fame earth, as has been fuf« 
pefted*. 

• See Bergman's Works, Kirwan's Mineralogy, and With- 
ering on the terra ponderofa aerata, in PhiL Tranf. for 1784. 
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N Mi^efia» or magnefiati earthy enters into the 
tompofition of fome earthy fubftances, the chief 
0f which are fteatites, ibap-rock, French chalky 
afl>eftos^ and talk. It is in the fea^water in ^^reat 
quantities, combined either with the marine or 
vitriolic acids. Epfom fait is a cond>tnataMi of 
Ae vitridic acid widi magnefia* If this be dif- 
Solved in water, and mild volatile alkali added, 
the magnefia is precipitated in combinatnm with 
•die fixed air, while the alkali unites with the vi- 
triolic acid. Tlffi magnefia thus obtained, ooo- 
tains one fourdi of its weight in fixed air, tad 
about the fame quantity of water. Both are driven 
j(ff by fire, by which the magnefia is irendeicd 
|)ure, and has fomewhat lefs than half the weight 
it poflSbfied in its former mild ftatc. 

t Clay, or argillaceous earth, is found evtery where 
in great quantities, but in the native ipedmens 
.it is always mixed with a confiderable quantity of 
•other earths. Alum is a fait, confifting of argil- 
laceous earth, combined with the vitriolic add. 
If it be diffolved in water, and the mild volatile 

. alkali added, this laft unites with the acid while 
die earth is precipitated, combined with a fmaU 
tpropordon of the aerial acid. 

K Argillaceous earth imbibes water ftrongly, but 

is fcarcely foluble therein. When fufiiciently di'- 

vided, it forms a tenacious mafs with water, fo 

* as to admit of being moulded into various forms. 

It contrafts very much by heat, and acquires a 

flinty 
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flinty hardnefs by baking, which ^oc% nqt then 
fuffi^r a(iy alteration frpm water i though ^ts origV^ 
nal foftnefs^ and tenacity may l}e ^ain. rd^e4 ^JT^ 
fblutioa in acids, and precipitation. 

This earth, which is fo u£;ful in the arts^ has & 
been applied *, with gre^t fucqefs to the adofie^^ 
fut^ment :pf the higher degrees of hesii. For as 
the enpanfion of the mercury, in 4 common tber^ 
momefccr, indicates the fucceflive augmentations of 
temperature, fo the contradions of the volume, 
of a fmall brick of clay, by expoiure to ignition^ 
are found to be greater, the noore violent the heat. 
By the help of which property we are in pofieffion 
of an invaluable method of meafuring and couis 
paring thofe high temperatures. 

Siliceous earth, which is alio called cr]rftaUine> &c 
or vitrifiable earth, abounds in many fubftances. 
Cryftal is one of the pureft fpecimens. Extreme 
hardnefs is moft commonly a charaderiftic of fili« 
ceous earths, fi> that ftones, in which \t predo* 
minates, will ftrike fire with fteel, or at leaft will 
fcratch its furface, however highly tempered. 

To procure filiceous earth in a pure ftate, clear h 
cryftals, or quartz, muft be reduced into powder, 
and melted with four times its weight of fixed 
alkali. The compound is then to be difTolved 
in water, and the vitriolic acid added in confi- 
derable quantity. The alkali and acid unite to- 
gether, forming a fait that remains in iblution : if 

* By J. Wedgwood, £fq. See the Phil* Tranf. 
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there be any other kind of earth prcfent, it will 
iikewife combine with die fuperfluous acid. But 
the filiceous earth being difengaged^ falls to the 
bottom in a fubtile powder, which muft be cleared* 
of the faline liquor by decantation^ and repeated 
wafliing with pure water. 

This earth is ad:ed on by no acid but the acid 
of fpar, or fluor. Fixed alkalis difiblye it, either 
in the dry or moift way. Like the other earths, 
it is not fufible without addition by any heat yet 
obtained. * 

Though the fimple earths are all infufible alone, 
yet they may be fuied by mixture with each other. 
The calcareous earth is found to aft as a men- 
ftruum in diflblving other earths by fiifion; and 
when it has once adbed on any earth, a compound 
menftruum is formed, which is ftill more cffica-' 
cious on other earths. Hence it is that equal 
parts of any three of the fimple earths may be fufed 
into glafs, provided calcareous earth be one of the 
number. 
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CONCEXNING THE PROPERTIES OF BODIES IN 
WHICH PHLOGISTON ABOUNDS* 

ALL bodies which can be fubjcfted to the ^ 
aft of combuftion, contain a fubftance ca- n 
pable of being exhibited in the form of inflam- 
mable air. They may all be deprived of their in- 
liamnfiable air by combuftion, except the noble 
metakj and thefe do noc invalidate the general 
concluAooj becaufe chemiftry has other methods 
of tr^ftting them^ fb as to exhibit the inflammable 
:sir they contain. The fimple cbmbuftible bodies, 
after having been burned, may be reftored to their 
original flate, by renewing the inflammaUe air 
they had loft ; and in tJ:iis (^ration it is of no 
confequence what the fisfbftance may be that fup* 
plies it^ For thefe and other reafons it is infer* 
red, that inflammable air, when free from foreign 
admixtures, is one and the fame principle, namely, 
the principle whereon the inflammability of bodies 
depends on, or phlogifton. 

Phlogiflon, combi/ied with fome unknown mat- a 
ter, forms diamond; with acids, it forms pjumr 
bago, fulphur, pholphorus j with calces, it forms 
metals, and in its combinations with water, acids, 
^nd perhaps other matters, after certain modifica- . 
(ions not clearly underllood, it forms ether, ardent 

M 4 fpirit. 
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fpiritj oils, ambetj bitumens, coal, and various 
other inflammable bodies i many of thefe may be 
exhibited in the form of air. 

A The diamond is found in various parts of the 
Mogul's empire, and alfo in the Eaft Indian iflands 
and the Brazils, It is ufually of an oftohedral 
form, though not urtfrequendy in round niafles. 
The confent of mankind has (tamped a prodigious 
value on the diamond. Its great luftre, which 
feems to have been the property that originally 
^ttrafted their notice, is owing to two caufes. The 
fy:Oi is, that being the hardeft of all bodies, it 
.takes and preferves a moft exquifite poliihi and 
the other is, that its refraftive power is fo much 
greater than that of any other medium, as to oc* 
cafion all the light to be reflefted (i. 170, a) 
which falls on any of its hinder furfaces, at a 
greater angle of incidence than 14. i degrees. Now 
mt a leis angle of incidence in glafs on the internal 
•Surface than 41 degrees, the light will be tranf- 
mitted, Confequendy, if an artificial gem and a 
real diamond be compared, the light falling on 
each, alike fituated, will be thrown back with 
its full glare from a diamond, not only in all the 
cafes wherein glafs will refledl it, but likewife at 
^11 the angles between 41^ and 244 ^, while the 
glafs fufFering it to pafs through, will appear life- 
Jefs ^xfd duUt It is no wonder therefore, that the 
^St& of the diamond is fo much greater, 

T No acid, but the vitriolic, has any ^St& on 
this gem J in which, if diamond powder be tri* 

turated, 
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turated^ and evaporation carried on nearly to dry- 
nefsy the acid grows blacky and depofites pellicles 
that burn, and are almofl: entirely confutned. 

In a heat fomewhat greater than is required to ir 
melt filyer> diamond is entirely volatilized and con-* 
fumed, producing a flight flam^ and leaving a 
ibot behind* 

Plumbago, or black lead ufed for pencils, is v 
not foluble in the mineral acids, and is totally dif- 
fipated or volatilized in a ftrong heat In a red 
heat it is decompofed by the addition of nitre» 
with which it deflagrates. This fubfbuice is found 
to confift of the aerial acid united to phlogifton. 

Sulphur, or brimftone, is a compound of the W 
vitriolic acid and phlogillon. It is foluble lA 
oils, and alfb in alkalis. At a temperature, not 
much greater than that of boiling water, it cva* 
porates in the open air, and is decompofed at 
the fame time, emitting a flame which by day has 
the appearance of a white fume, but in the dark 
is luriiinous, though its heat is fo fmall, that it 
may be fufiered to play againft the palm of tho 
hand without much inconvenience. At a higher 
temperature, it bums with a vivid blue flame, and 
is decompofed more rapidly, the acid taking thi^ 
form of air of a moft fufFocating odour. This air, 
called vitriolic acid air, unites with water, if pre* 
fent, and forms the volatile vitriolic acid. 

Sulphur is not decompofed, but fublimes en- 3( 
tii^, if expofed to heat, without accefs of air. 

Phoi|)hon» 
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y Phofphorus difiirs from fulphur in the nature of 
its acid. like fulphur, it burns with two kinds of 
flame, but is much more inflammable : for a heat 
of about 60 degrees is fufiicient to produce the 
weaker flame, and at 160^ it burfts into a fliongly 
vivid, and moft dcflxuftive flame. Its acid is not 
volatilized, but remains after combuflion. It 

. fublimes entire by heat, provided air be not pre- 

fent. 
z Metallic fubfl:ances are diftinguifhable from all 

other, bodies by their great fpecific gravity and 
oodkt fliining appearance. They are compofed 
each of phlogifl:on, united to a peculiar heavy, 
. dull, brittle fubfl:ance, called a calx (152, w), which 
in fome refpefts refembles earths. Thefe, when 
-partially deprived of phlogifl:on, are foluble in 
acids, and form falts. Such metals as are not 
calcinable, to any fenfible degree, by mere heat, 
with accefs of air, are called perfeft metals ; fuch 
as are calcinable by fire, are called imperfed. 
Metallic fubftances that may be extended by ham- 
mering, are called metals, in contradiflin6Uon to 
fuch as are more or lefs brittle, and are called 
femimetals. All metallic fubftances may be fufed 
without addition 5 and if the accefs of air be ex- 
cluded, they fix again by cold, without having 
fofieredany lofs or change of their conftituent 
parts. They all conduct the eleftric matter with 

great facility. 
A Of metals hitherto difcovered, the perfeft are 
gold, platina, and filver 5 the imperfeft are mcr* 

curyi 
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cury, or quickfilver, lead, copper, iron, and tin ; 
the femi-metals arc bifinudi, nickel, regulus of 
arfenic, cobalt, zink, regulus of antimony, regulus 
of maganefe, regulus of wolfram, and regulus of 
molybdena. 



CHAP. IX. 

OF THE VITRIOLIC ACID, AND COMBINATIONS 
WHEREIN IT IS A PRINCIPAL PART. 

THE vitriolic acid, fo denominated becaufc b 
obtained from the fait called vitriol, is found 
in great quantities united to phlogifton, in the form 
of fulphur. Sulphur is either found native in the 
neighbourhood of volcanos, or united with earths 
or metals. One of the moft common fulphureous c 
compounds is the pyrites, or mundic. This con- 
fifts ufually of fulphur, iron, clay, and filiceous 
earth. It is generally of a yellow or greyifh co- 
lour, of a globular or cubic ihape, internally ra- 
diated, or fomeymes lamellar. With the fteel it 
ftrikes fire plentifully, whence its- name is derived. 
If pyrites be e-xpoled to heat in clofed veffels, the 
fulphur fublimes ; but in the open air it is de- 
copfipofed by combuftion, the quantity and com- 
bination of the principles left in the mafs being 
by that means changed. 

The pyrites, by long expofure to tlie aftion of o 
the air and moilture, fuffer a remarkable change 

in 
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in their component parts. The phlogifton of the 
fulphur, l^y a procefs analogous to combqftion, i$ 
thrown off, while the acid and water unite with the 
iron, forming vitriol, and with the clay, forming 
alum (164, i). Thefc may be obtained by foiurion 
in water 5 and a fubfequent evaporation diminiflies 
the quantity of the folvent, fo as to caufe the falts to 
ieparate in the form of cryftals. 
t If vitriol be expofed to diftillation, the water that 
entered into the compofition of the cryftals rifes, and 
afterwards the greateft part of the acid, with ibmc 
of the phlogifton of the iron, leaving a brown mafs 

ft 

in the retort, called colcothar. A fecond diftillation, 
with lefs heat, feparates the phlogifticated acid, and 
leaves the denfe concentrated vitriolic acid behind. 
This procefs for obtaining the vitriolic acid 
is not now ufcd, becaufe a cheaper n^ethod has been 
contrived for procuring it immediately from ful- 
phur. A quantity of fulphur and nitre grofsly 
mixed, are placed in a veffel within a finall cham- 
ber or room, lined with lead, arid containing Ibme 
few inches of water on its bottom. The fulphur is 
lighted, and the room clofed. The nitre ferves to 
rtiaintain the combuftion, by fupplying pure air, and 
the vitriolic acid is thus volatilized in the form of 
air, which (169, w) combines with the water. 
To expedite this combination, it is faid that ftcam 
of water is introduced into the clofed room during 
the combuftion. By a repetition of the procefs, the 
water becomes more and more acid.- The phlo* 
gifton is diffipated by expofure to air, and the acid 

is 
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IS <xmcentrarted by diftilling off the fupeifluoui 

water* 

The vitriolic acid is denfe, cok>urkis, and has o 
a foonger tendency to combination in more cafea 
than every other acid. It may be fo far deprived 
q( water as to become concrete, but it attrafts thia 
fluid fo powerfully as to deliquefce by expoliire to 
the atmofphere in a fhort time, and docs not ccafe 
to BiWiA the humidity of the air till it has acquired 
fiiore than fix times its original weight. In cafes 
where a certain quantity of air is requited to be 
divcfted of it6 moifture, it may be performed by 
placing a cup, containing concentrated vitriolic 
acid under the receiver that confines the air. 

This acid, and, indeed, every other chemical a 
principle, is beft known by the phenomena it pre- 
fents, and the combinations it produces ;wrhen united 
to other bodies. The moil common of thefe arc 
here enumerated. The names are given according 
to the Nomenclature of Bergman, who converts 
the name of the acid in any combination into an 
adjeftive, which he applies to the bafe or other 
principle: fuch other fynonimes are likewifc 
added as are moft commonly ufed by chemical or 
medical writers. 

If the vitriolic acid be poured into a folution of i 
the vegetable alkali, to faturation, which may be 
determined by a fmall quantity of the liquid pro- 
ducing no change of colour with the tinfture of 
heliotropium (15?, o) a neutral fait is formed that 
affumes the figure of cryftals, as the water is dimi- 

nifhed 
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fiiihed by evaporation* This is cadlcd vitiiolated 
vegetable alkalij or vitriolated tartar,' and contains 
thirty-onrparts of acid, fixty-thrcc of alkali^ and 
£x of water. It is not eafy of folution in water, 
requiring fixteen times its weight to diiiblve it in 
the temperatiire of 60^ i but if the water be boiling, 
five parts are fufficient. Vitriolated tartar is u&d 
only in medicine. 

K The vitriolated mineral alkali, or Glauber's fait, 
may be produced in the fame manner, by making 
ufe of the mineral alkali inftead of die vegetable* 
It contains fourteen parts c^acid, twenty-two. of 
alkali, and fixty-four of water, and refembles vitrio- 
lated tartar in many of its properties, bqt requires 
only three times its weight of water to diflblve it at 
the temperature of 60^. Great part of the water 
that enters into the formation of the cryftals is 
diffipated by expofure for fome time to the air, the 
fait gradually falling into a white powder or , efflo- 
refcence. 

L Vitriolated volatile alkali, or vitriolic ammoniac, 
contains forty-two parts acid, forty of alkgli, and 
eighteen of water. 

M Vitriolated lime, commonly called felenite, 
abounds in vaft quantities in nature, and accord- 
ingly as its external appearance and texture differs, 
it is called gypfum, lapis Ipecularis, alabafter. In 
the temperature of 60^ it requires about five hun- 
dred times its weight of water to diflblve it, and 
from thence was formerly reckoned among the 
earths, though its component parts are thirty acid, 

thirty- 



thirtjr-two earth, and thirty-^ight water. By expo- '• 
fure to heat a little below ignition, about twenty 
parts of its water are diflipated, at the fame time 
that it falls into a powder, which is agitated by 
the vapours that efcape in fuch a manner as to caule 
the appearance of boiling. This powder is known 
in commerce by the name of plafter of Paris, and is 
chiefly ufed for making ftatues, and other articles 
that receive their figure from a mould ; an ufe to 
which it is admirably adapted, by the ipeedy refump- 
tion of a iblid form, when the water of cryftalliza-^ 
tion is reftored : for, if the powder be mixed with 
water, to the confiftence of thin pafte, it may be 
poured into a mould, and will run into all the 
ftrokes and cavities with the greateft facility $ a few 
minutes after which, the water that maintained the 
ftate of fluidity, by mere mixture with the powder, 
combines intimately with it, and the whole mafs 
becomes foiid. 

Vitriolated ponderous earth, or marmor metal- n 
licum, already defcribed, (162, c) contains eighty- 
four parts of earth, thirteen of acid, and three 
of water ; in the native Ipecimens it is infoluble, 
or nearly fo in water. 

Vitriolated magnefia, or Epfom fait, contains o 
twenty-four parts of acid, nineteen of earth, and fifty- 
feven of water. It efflorefces like Glauber's fait, 
by expofure to the air, and requires about its own 
weight of water to diflTolve it in the temperature 
ofeo*^.. 

Vitriolated 
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f Vitrioktedday>oralum> contains twenty^four para 
of acid, eighteen of earth, and fifty-eight of water. 
Its ciyftals are ufually covered with a flight e£Boref^ 
cence. In about fifteen times its weight of water at 
the temperature of 60^, it is totally diflblved ; but 
at higher degrees of heat it is foluble in a very 
£nall quantity of that fluid. It is fufed even by its 
own water of cryfliallization^ and boils up into a 
frothy mais, which gradually dries into a white 
friable fubftance, called calcined alum. Calcined 
alum is, however, no otherwife changed than by the 
lofs of its water, and may be reduced again into its 
original form by refl:ormg it. 

^ Vitriolated phlogifl:on, or fulphur (169, w) is 
found to contain fixty parts of acid, and forty of 
phlogifton. From the inflammability of fulphur, 
and its affording the vitriolic acid, it is concluded 
that it contains phlogifl:on, and that acid. And it 
exhibits no other produds. 

It The combination of fulphur with a fixed alkali 
may be made either in the dry way, by melting the 
two fubftances together, or in the moift way, by 
boiling fulphur in an alkaline lixivium, and evapo- 
rating the water. This lafl method is, however, fel- 
dom made ufe of. The liver of fulphur, fb called 
from its colour, has a fetid fmell, is foluble in 
water, and is very deliquefcent. The force of 
adhefion between the acid and phlogif^on being 
much weakened by the attraftion exerted by the 

alkali on the former, the phlogiflon continually 

flies 



flies off into the air, and at length kaves the dkali 
united only to the acid, forming either vitriolated 
tartar or Glauber's fait. So Mkewife the attradioii 
exerted in this cafe between the acid and alkali 19 
much weaker than it would have been if the acid 
were not likewife in combination with phlogifton. 
For, if the liver of fulphur be diflblved in water, 
the alkali will be attradted and the .fulphur prer 
cipitatedi on the addition of an acid, whoie elective 
attradbion to the alkali is much lefs powerful than 
that of the vitriolic acid when at liberty. 

The method of Stahl for producing fulphur, by 
the direft combination of the vitriolic acid with 
the principle of inflammability, deferves to be men- 
tiojied in this place. Equal parts of vegetable fixed 
alkali, arid vitriolated tartar, are fufed in a crucibjle, 
after which fomewhat lefs than one-fourth part of 
charcoal in powder is added, and the whole well 
mixed by ftirring. The crucible is then covered, 
and a ftrpng heat given for a very Ihort time ; after 
which it is taken from the fire,, and the contents 
poured on a fmooth ftone, previoufly grounds This 
jnatter is not found to differ in its effential proper* 
ties from the liver of fulphur, and if difTolved in 
wiater, the fulphur may be precipitated by the addir 
tion of an acid. The theory of thefe fafts appears to 
be, that the pWogifton of the charcoal combines 
with the concentrated acid of the vitriolated tartar, 
and forms fulphur, which unites with the alkali in 
the fame manner as otherfulphur would h^ve^Pnc 
if diredly addc^* . 

Vpi,. 11. N Th» 
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T The vitriolic acid, in combination witk i«letal# 
lie calces, forms falts which have been denoted 
under the general name of vitriols. The three 
following only are known in commerce, or ufed i» 
the arts, 

u • Vitriolated iron, or martial vitriol, known vul- 
garly by the name of green copperas, contains, 
when recently cryftallized, twenty parts of aCid, 
twenty-five of iron, and fifty-five of water j but 
k efflorefces by the lofs of part of its water when 
cxpofed to the air. It requires fix times its weight 
of water to diffolve it in the temperature of 60^. 
This fait is ufed in dying blacks, and in making ink 
for writing. 

V Vitriolated copper, or blue vitriol ; of this 
thirty parts in the hundred arc acid, twenty- 
feven copper, and forty- three water. It is ufually 
obtained from waters in Hungary, Sweden, or 
Ireltod, in which it is naturally diffolvei It re- 
quires about four times its weight of water to dif- 

w folve it in the temperature of 60^. In fome places 

che waters naturally containing this fait are made to 

depofit the copper by expofing pieces of iron 

to their aftion. For the acid quits the copper, and 

•forms martial vitriol, by uniiting with the calx of 

the iron, while the phlogifton of this laft, uniting 

with the calx of copper, enables it to refume its 

metallic ftate. The martial vitriol being foluble, 

.remains in the water, while the copper falls to the 

bottom in a muddy or powdery form* If the folu- 

tipn, or water containing vitriolated copper, has 
1 . . ;. / ' will 



no confiderable excefs of acid, eighty parts of iron 
wU precipitate one hundred of copper. One of % 
the tcfts of the prefence of vitriolated copper in a 
liquid confifts in dipping a piece of clean bright - 
iron therein, which becomes immediately covered 
with a thin coat of copper, in confequerice of the 
beginning of the procefs of transferring the" acid 
fronrt drie metal to the othei". 

Vitf lolated zihk, vulgarly cklled white vitriol, or Y 
copperas, is of a white colour, and contains twenty- ' 
two parts of acidj twenty of zitik, and fifty-eight of 
Witter. It is follible in about twice its weight t)f 
watfcr at the temperature of 60^. 

If the c6ncentfated vitriolic acid be heated with 2 
alrfibft dnj lubftaride, containing phlogifton, part of 
the acid coitibines with tlie infl^nrrmafble principle, 
arid flies off ifi the forih of vitriolic acid air. This 
ttiiy be confined by mercury, but unites with water, 
f&ttiAn^ the volatile or phlogifticated vitriolic acid, 
{ti^y f). Vitriolic acid air is fatal to Animals. 

Ifi proceflfes with fome of the metals, efpecially a. 
ifcav and zink; the vitriolic acid, when properly 
diluted, dofe^ not unite with the phlogifton, which 
therefore ril^s in the form of inflammable air. 
{95 J 5C-) The chief reaf6n of this Teems to be, that 
• die. abundant water attrafting the acid, counterafts 
the tfft^ erf* its afitnity for phlogifton. 
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C H A P. X. 

I 

OF THE NITROUS ACID, AND COMBINATIONS 
WHEREIN IT IS A PRINCIPAL PART* 

B "I^tEITHER the nitrous acid, nor any of the 
xN falts containing it, are ever found in confi- 
derable quantities in nature. This acid is obtained 
by the complete putrefadtion of animal or vegetable 
fubftancesi but whether it is produced, colledcd, 
or developed by that proccfs, has not yet been ex- 

c plained. Grounds frequently trodden by cattle, 
and impregnated with their excrements, or where 
vegetables rot, or in the vicinity of flaughter- 
houfes, or burying-grounds, or other places expofed 
to putrid vapours, afford nitre after long expofure 
to the air. The earths that afford the bell matrix 
for the reception and complete putrefa^on of the 
vegetable or animal matter, are of the calcareous 
kind; and in fome places artificial beds, com- 
pounded of putrefcent matter and calcareous earth, 
are made with fuccefs for the production of nitpe. 
If thefe beds contained, much vegetable qiatter, a 
confiderable portion pf the fait obtained from them 
, is true nitre, or the nitrous acid combined with the 
vegetable alkali j but if otherwife, the nitrous acid 
is, for the moft part, combined widi calcareous 
earth> aiid requires the addition of the vegetable 

alkali 
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alkkil to decompofe it. With this intention wood- 
afhes, or pot-alh, is ufually added in theproceis, 
which is as follows : 

A number of large calks are prepared, with a d 
cock at the bottom of each, and a -quantity of 
ftraw within, to prevent its being flopped up. The 
nitrous earth is placed in thefe, together with wood- 
afhes,' or pot-afh, either ftrewed at top, or flratified 
with the other matter. The vefTels are then filled 
with hot water, which, after fome time ftanding, is 
drawn off, and frefh water added repeatedly, fo 
long as any fait ca^i be extrafted by this means. 
This wafhing of the earth is repeated, by palling the 
faline liquor through frefh parcels, till it is fbx>ngly 
impregnated. In this flate it is conveyed to the 
boiler, and great part of the water evaporated by 
heat. A confiderable proportion of common fait, 
which the water obtains from the earth, is depofited 
during the boiling, and taken out By means of a 
perforated ladle, while the nitre fliH remains in 
folution. For the quantity of nitre that can be ^ 
held in folution by boiling water is much greater 
than of common fait ; therefore, the common fait 
will begin to be thrown down at a much earlier 
period of the evaporation than the nitre, and a 
•confiderable portion of the former will be thus fepa- 
74ted before any of the latter quits the folvent. 
When the liquor is fufRciently concentrated by 
foiling, Which is known by trials made with fmall 
quantities taken out from time to time^ it is con- 
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yeyed into ye0els where it cools, and nit^qh^fftbfi 
nitre is then found in a cryftalli?ed ft^ie. 

The reparation of the nitre from tibe common 
fait is much forwarded by another cifcuniftance, 
wherein their folubilities differ. Nitre be^ig dif* 
folved to faturation in boiliiiyg water, will afi^4 f 
large quantity of cryftals by cooling ; a propf thaff 
it is more foluble in hot than cold water: b,iJ( 
common lalt by the fame t;reatment afibifds fi:arcely 
any. In the foregoing proccfs it is ioinsf^ th^t on, 
this account the cryftals formed by cooling confift 
almoft entirely of nitre, the comn^ion fa^ remaiA--* 
log diiTolved in the water, notwithftanding it| 
change of temperature. And a repet;ition of th? 
procefs fcrves to purify the niixe ftijl mcH'e.^ 
With this intention, fo much, pure water is added 
to the nitrous cryftals as is barely fufficient to dif- 
folve them, and the evaporation by boil^ is. 
repeated. The cryftals of nitre • obtained by die 
fecond cooling are much purer than before, becaufe 
the proportion of water to the common fait is 
greater, and confequently lefs will cryftallize with 
the nitre. For nice purpofes this boiling widi 
frcfti water is repeated four times. 
\ If nitre be expofed to a ftrong heat in an earthen 
retort, a large quantity of air, much purer than 
that of the atmofphire, is produced, and the alka- 
line bafe is left 'in combination with the earth of 
the retort, which it diflblvcs. The weight of the 
air thus obtained, added to that of the alkalkie 
bafe, amounts to the whole weight of the nitre made 

ufe 



DEFSAOKATlOlr 6F nitre. fSj 

"1^ of ^ Thtt ft<9: ii varip\ifly Explained. The h 
piure air b thought tx> confift of the nitrous acid^ 
deprived of water and phlogi^ori, and united to 
heat in a latent ftatej or of the nitrous acid perfeftly 
faturated with phlogtftoii^ or of the water that 
entered into the formation of t^ mtre> and is 
fuppofi^ to be> by fome means, dephlogifticatudi 
(148, M^ Us) or of a certain principle common fo 
all acids. For the produ£tion of pure or dephlogif* 
dcated air> alfo takes place^ when certain other falts 
which do not contain the nitrous acid are expofed 
to heat, 

A moft intenfe degree of combuftion takej 1 
place when nitre is brought into contaft with any 
inflanimahle body, either of the two being previa. 
ouOy.made red hot« This continues either till the 
whole df the nitrous acid is difiipated, or the body 
consumed, and is evidently owing to the pure ail 
produced, which maintains* the combuftion. In 
the detonation of nitre with phlogiftic bodies, watd: 
is produced, formerly termed the clyflus of nitre, 
and moft probably afforded by the combination 
of the inflammable air of the body confumed widl 
the dephlogifticated air' of the nitre, (148, n.) 

Gunpowder is ufually compofed of 75 parts k 
nitre, fixteen charcoal, and nine fulphur, intimately 
blended together, l^y long pounding in wooden mor- 
tars, with a fmali quantity of water. Its efFe6bs 
are well known. Any part of a quantity of gun-*- 
powder be^ng feron fire, the detonation begins, and 

• Berthollet, in tHe Memoirs of the Royal Academy of 
Paris, for the year 178 1. 
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,1^4 KITROUS .ACip#- . 

. is propagated with amazing rapidi^ through . tfa» 

interftices of (he gra^iSr In confequenc&. of which^ 

. a fudden and very powerful expanfion of the mate^* 

rials takes place* 

L Nitre^ or nitrated vegetable alkali, : ccmtains 
thirty p^t§ acid, fixty-three alkali, and fo^a 

'. lyater, . It requires about fevcn tiipcs its weig^it of 
; water to diflblve it in the temperature of 60^ . 

If If Qoncentrated vitriolic acid be poured a litde- at 
.a time on pure nitre, in a tubulated retort, with a 
.large receiver, taking care immediately to clofe the 
aperture, it will combine with the alkali, and die 
nitrous acid, called fpirit of nitre in commerce, 
will rife in fumes that will become condenfed in the 
receiver* After the fpontaneous vapours have 
.ceafed, heat muft be gradually applied, till nothing 
-more will come over. Vitriolated tartar (173, i) 
will remain in the retort, and if the- acid in the 
receiver be added to pure vegetable alkali, ■ it will 
Again compofe nitre, 

V Thi^ nitrous acid is of a yellow colour^ and con- 
.tinually emits red fufFocating fumes. Thefe fumes 
afife from an excefs of phlogifton, which maybe 
driven off, by haftiiy boiling the acid in an open 
yeffel, when the acid becomes as clear as water. 
But the fmalleft addition of any inflammable mat* 
ler, or even expofure to the fun's rays, will reftorc 
the former .colour, and caufe the acid to emit 
fumes as before. 

p Nitrous acid of the fhops ifi feldom without^ a 
mixture of the marine acid,which it obtains from the 

fca-i 



imrMu% ACID. ^ I f ^ 

Ife^fak that ctyfkalUzcs with the nitre made ufe trfi 
(i8i, D.) This may be feparated by diffolvittg 
filver^ in afmall quantity of the acid, and drop* 
ping gradually fome of this folution into the acid 
.required to be purified,. as long as ar!y cloudinefi 
appears. For the marine acid combines with the 
filvcr, and forms a compound that precipitates to 
ihc bottom, leaving the nitrous acid pure. 
. The red vapour which rifes from the nitrous?^ 
acid may be preferved iii clofe veffels, without con- 
4enfation by cold; It is called the aeriform nitrous 
acid* Water abforbs it, which becomes fuccef- 
lively blue, green, and at laft yellow, when it has 
received an increafe of one-third of its Bulk. This 
is termed the phlogifticated nitrous acid. 
. Experiments with the aeriform nitrous acid are o 
rendered difficult, by the circumftance of its adting 
pn, and uniting with, every fluid hitherto ufed in 
. attempting to confine it. 

When nitrous acid is applied to bodies contain* n 
ing phlogifton, nitrous air is produced. This may 
be colleftcd in water as well as quickfilver. The 
acid in nitrous air is fo well faturated with phlo- 
giifton, that it exhibits no marks of acidity when 
properly prepared. Water will imbibe one-tenth 
pf its bulk of this air. 

The mixture of nitrous with refpirable air affords $ 
a remarkable and interefting appearance. Their 
. union is attended withheat; areddifh brown cloiid 
appears, and the fum of the fpaces occupied by 
both airs becomes much, fmallcr than before. It t 



t%6 PURITY .Of Aia A9CtllTAIN£D. 

}ft fowd that their climiixutiQn k gicat^, the bet;. 
Ut adapted the refpirable air is to the puipofes of 
fopportbig animal life or combuftbn^ and that 
the lutrous acid is ' precipitat9ed> conTCrttng the 
tracer over ^ch die operation is performed mtb 
fvitrous acid. Thefe are natural confequences of tte 
ftrong attraction of pure air to pWc^fton, by whidi 
it is vitiated> and rendered iKndocK im this [»*oceft« 
. Dr. Prieftley, whofe discoveries refpe^rig aeri- 
fiptm fiuiids have defervedly placed ham in the 
logheft rank of experimental phik^bphers, ufiialfy 
ascertains the purity of air by adding an . equal 
Volume of nitrous air to it> and cxpreiTes^ the fame 
hf 'V^iting in fiigures the fpace otxupied by bbtft 
lafter ^e dimimdon. Thm, if equal meafures of 
common and hkroua air were dsimimflied (mi mix* 
tore by -ny of a meajftarc^hc lays the meafure of the 
t&A is 1.3 ; which number denotes die redu3^d bulk 
of the air which was originally 2. But when the 
purity of dephlogifticated air is to be afceitained, 
he ufes more nitrous air, a fingle meafore not being 
fufficient. The pureft dephlogifticated air will 
receive the addition of three times its own bulk of 
nitrous air before the fjpace it occupies is fenfibly 
augnriented. 

The inftruments ufed to determine the falubrity 
of air by this method are called eudiometers. In 
general, experiments may be made with a gra- 
duated tube AB, fig. 158^ on which the fpace 
occupied by the air after its diminution may be 

read by means- of the. divifions.. 

The 



l^he iiiflfQUji foi^^ Yf\\h the mmenl alkalf^ fonm w 
nitrated mineral itifoXi, or quadrangular nitre, whkk 
font^nA thirty parts of acid> fixty<>three alkali, and 
feven water, its properties are nearly the fame aa 
(^^oTe of tlie common, or prifmatic nici^, but it is lelir 
it for making gunpowder, becaufe it attraAs hu« 
SEMdity from the air. About three times it» weighr 
of w^cr 9f the temperature of 60^ are fufficient to 
hp)d it in iblutioa. 

]Vf itr^d Tola;tile alkali, or nitrous anunoAiac^ s 
ContiUi^ fortyr-fix parts acid, forty alkali, and 
fburceea water. This fait is remarkab^ lor it9 
pKcqp^llF/ of detonating, without the contad of 
in^ammabte matter^ when heated over die fire ; 
^h\<;h is we^ of the psoofs that the votatrie ^aU 
ooa^ios; pUo^Aon. 

Nittated lime, or nitrous felenite, contains Y 
tbirty-threepartSL.acid, thirty-two earth, and thirty- 
fiye wader; It is deliquefcent. 

With ponderous earth the nitrous acid forms a 2 
fait, whole cryftals do not dtliquefce. 

Nitrated magnefia is a deliqucfcent fak, and a 
contains thirty-fix parts of acid, twenty-feven of 
aiagnefia, and thirty-feven of water. 

Nitrated clay appears to be of very difficult folu- B 
tion in cold water, and may contain 153 parts of ' 
acid to 100 of earth *. ' 

The nitrous acid diffolves moft metallic fub- c 
ftances, part of the acid flying off with the phlogif- 

• Kinvaii ii| Philot Tranf. for ij^. 
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X%% OILS INFLABtftD BY KtTRdUS ACID. 

ton, lit thc'form ofnkrous air, and the reft in com^ 
bin^tion with the metallic calces^ forming fait. 

The inflammation of oils^ by the aSufion of the 
pitrous acidj is a phenomenon that never fails to 
excite the aftoniihment of the beholders. All the 
oils obtained by diftillation from vegetables^ and 
diflinguifh^d by the name of efTential oils^ and alio 
fuch other oib as are difpofed to become thick and 
dry, by expofure to the air, are proper for this ex- 
periment. An ounce of the oU intended to be iet on 
fire pnuft be placed in a fhallow veiTel, and a bottle 
containing an oiince of the moft concentrated ni- 
trous acid muft be faftened at the end of a pole, that 
the operator may be fufficiently diftant from th^ 
inflammation. Two-thirds of the acid being poured 
on the oil, excites a confiderable ebullition ; the oil 
grows black and thick, and fometimes inflames. 
But if this lafl: circumftance does not happen in 
four or five feconds, the remainder of the acid muft 
be poured where the mixture appears the moft dry 
and black, and then the inflammation fcarccly ever 
fails taking place. 

Fat oils may alfo be inflamed, if equal parts of 
the nitrous and vitriolic acids be firft poured on 
them, and, when the ebullition is at the greateft/ . 
4 portion of nitrous acid be poured on the dryeft 
part. 

The theory of this fingular experiment is yet 
imperfeft. There can be little doubt but the 
<iephlogifticated air of th^ nitrous-'kcid ( 1 8 2?, o) 

combining 'with the phlogifton of *die ibil, prb^ 

duces 



chlces the combuftion ( 1 50. t, u. ) But ^ the 
other circumftanccs relating to the capacities the 
new combinations in this procefs may fcverally 
have for heat, and on which the high temperature 
produced in a great meafure depends, have not 
yet been fufficiently inveftigated. It is probably 
owing to thefe that efTential oils are better adapted 
to thispurpofe than any other phlogiftic bodies. 
The vitriolic acid may perhaps tend to concen- 
trate the nitrous acid in the experiment with fat 
oils, or perhaps its aftion on the oils may brbg 
them nearer to the nature of efferitial oils, at leaft 
as far as relates to this proccfe. 



CHAP. XL 

OF THE MARINE ACID, AND COMBINATIONS - 
WHEREIN IT IS A PRINCIPAL PART, 

TH E marine acid is obtained from common h 
fait. This fait, fo univcrfally ufed through- 
out the civilized parts of the world, is either dug 
out of the earth in large mafTes, called rock^falt, 
or obtained by evaporation from the waters of falt- 
Iprings^ or of the fca. Sea-water ufually contains x 
between the twenty-fifth and thirtieth part of its 
weight of this fait, together with other magnefiaa 
or calcareous falts in much fmaller quantities. In k 
hot Couhtries tt^ e water is evaporated fo as to afford 
{he fait in cryftals^ by mere exppfure to the a<%ion 

of 



^iliefin 0id wind, in i^ge nibi^oks^ Armed {a 
the gttiuiid near the fea»fidc^ and into M^idi tin* 

I, Water dan be admitted at the tide of floods In die 
Ibuth of France, and «thcr parts of the World, the^ 
coiled And dry the fca-'fand, from which a- jKrong 
brin^ is aftefwards obtained^ by pafikig fdch a 
quantity of Water thtoiigh itj as is merely ftifficknc 

M to difTolve the fak <hat adheres tb the ^in«. The 
intenfity of cold in northern countries k alfo mddfe 
ufc of for this purpofe, wherfe the fea^watet beiflg 
expofed to freezse, the ice is found to conflft 
filinoft entirely of frefh water. And confequcntlf, 
upon being taken out, leaves the brine iriuch 

K ftronger. In thefe laft-mentioned cafes, as well 
as in more temperate climates, the cryftals are 
obtained by boiling the brine in proper, veffels over 

the fire. 

o If the vitriolic acid be poured on fea-falt, it 
combines with the alkali (i43> c) while the marine 
acid flies off in the form of marine acid air. Thisr 
air is colourlcfs, and permanently elaftic when conr- 
fined by nntrcuryi but has a ftror^ tendency to 
unife with water. When it efcapes into the atnaor 
fpherc it has the appearance of white fumesy on 
account of the moifture it meets with, and unites 

p' to-. The common marine acid confifts of water int*- 
pr^ated with this air, which it readily gives, out 
on the application of heat. 

Q^ . In the method formerly ufed of procuring the ma- 
rine acid by diftillation from common fak with: the 
vitrk4ic acid, much of the marine acid air waS' lofti 
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for waat of viMjer to cei^ij^JlMS ^i A* TWs i# khut 

remedied, by: ^pjyi»g ^ feCQOd ir^ccivcr *, CQtiui» 
ing water, into whkJ^ a mb^,. pr^c^ding' firooi the 
upp^er p»rt of tte fifft rcwiyi^,. 13 imsacrfed. Thg 
marine ^^ ^ ^^^ efc^t^N^ tinco^jxfed fF<Mn tbe 
firft receiver combines mth the water in the fecoml* 
aiwi cOAi^^cts it into ftrong marine acid. 

The marine acid <^ the (hops is of a light yeU r 
low colour, and continually emits fugbcating fuiinea^ 
The colour, however, is npt efft^tial to it, but arifea 
from the folution of fome impurities in the common 
procefs for making it. 

Black manganefe ia the calx of a .^ime- $ 
|al, (170, a) which has a very ftrong tendency 
to combine with jAlogifton. If four ounces of 
concentrated marine acid, with one ounce of this 
calx, be put into a tubulated retort, to which the 
apparatus of receivers ufed (190, Q.) in diftilHng 
the marine acid has been previoufly adapted, yellow 
vapours are abundantly difengaged, at firft without 
the alTiftance of fire, and afterwards by means of 
heat. The water in the fecond receiver becomes 
impregnated with thefe fumes, of wWeh, however, 
it abforbs a very fmall quantity. If the tempera^ 
ture be near freezing, the ekftic Auid, after faturat-- 
kig the water, takes a concrete form, and gradually 
fubfides to the bottom : but a very flight degree of 
warmth railes this fubftance in the form of bubbles, 
which endeavour to efcape. 

This vapour, combinbg with water, and having v 

• The invention of Mr. Woulfe. 
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19^ DtPHLOOISTICATXD MARINE ACID.' 

liliMfe a powerful adbn on mercury, has not been 
confined fo as to retain its elaltic ftate. 

V It is found to confift <^the marine acid*, deprived 
of one of its conftituent parts, namely, phlogiftoni 
It attacks phlogiilic bodies with great vehemence^ 
and di0bl ves all the meuls direfUy, afibrding the 
fame falts as the entire acid does, but without di£*> 
engaging any inflammable air. It whitens vege- 
tables and wax, and produces in many fubftances 
changes fimilar to fuch as arife from long expofure 
to air. When united to water, its tafte is auftere, 
but not acid; but it regains all the propertits of the 
marine acid when again combined with phlogiftqn. 

V A mixture of the nitrous and marine acids, or 
of the nitrous acid with common fait, or fal ammo- 
niac, is called aqua-regia, from its property of 
difTolving gold. The power of this folvent on 
gold appears to ponfift in the marine acid, which 
is dephlogifticated by the nitrous, and is found 
alone in the cryftals of fait produced in the 
combination of metallic calx and acid. . Theri^ 
fcems, hpwever, to be fome. other circumftance 
concerned here; for it is not eafy to fay why .the 
nitrous acid alone cannot feize the gold, if its aiEnity 
to phlogifton be greater than that of the dephlor 
gifticate^ marine acid -, and if it were not fo, how 
could it deprive this laft acid of its phlogifton ? , 

w Salited mineral alkali, or common fait, contains 
. thirty-three parts acid, dky alkali, and feventeen. 

• According to Scheale : but Berthollet has rendered it pro- 
bable, that it^confifti of dtcphlogifticated air, combined witii 
the common marine acid, 
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Mitci. I^s crfftals are quadrangular^ and dotBiOt r 
deliquefce in the ak; 

Salked vegetable dkali, or fak of Sylvius^ cdn- x 
tains thirty parts acid^ fixty-three v^etaUe alkali^, 
and feven water. It does not deliquefce in the aur^ 
tind is foluble in about three times its weight of 
*waten 

Salited Volatile alkali^ or SommOh fal anunohisiCi ¥ 
(contains fifty^two parts acid^ forty volatile alkali^ 
and eight vratet. It difiblves in about three and a 
half times its weight of water> at the temperature of 
60^. By heat it fuUimei^ unaltered. 
^ Salited lime^ or marine felenice, cohtaihs .about 
forty- two ^arts acid, thirty-eight earth, and twenty 
wat€r. It dcliquefccs in the air. 

Salited ponderous earth is little known ; its folu- z 
t4bn affords a valuable method of purifying the 
marine acid from the vitriolic, with which it is often 
adiiltef atai. For, upon the addition of this to the 
marine acid under examination, the vitriolic acid^ 
if prdent, feizes the ponderous earthy and fom\s 
the vitriolated ponderous earth, which being dearly 
infolublt) falls to the bottom** ThQendquan-^. 
tity necefiary to be added is kndwn by trials on 
finall portions of the acid. 

i Salited magnefia. Or nfiarlne £pfom> is a deli-* ^ 
quefccnt fait, found in greater quantity in the water 
0t' the fea than any other, except common fsiu 
. Salited clay is a dtliqaefcent fait, and may con<* a 
tain Z74 pagts acid^ to lOQ of earths 

: ♦ Witfcerinj in PfciW; TrtnC Uxt IL for 1784. 
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^ditdoi^ ioi|d;ioqppec» icon^ ainc^ iii;itihifnwtfa9(y>ife 

lioNCERNINO THE ACIDS OF FtUOR^ Ot ttRKK^ 
OF AMBER, AND OF PHOSPHORUS, 

-Vy< |-> • • \ » » ^ ^ . ^j t« -4', I 

• i . V • » • • >- ' • • . • . ^ I i .«. 

confifts of a peculiar aeid> caUeil;,4ht.4>riKy t^K^' 
u<»iefc!«Wd.:VHfe«^t^ :TShis 

the CQjovired> have the property o( htcotifi^^j^fsfy 
V plWf¥^e!ftli Pr.WMBflg ligbtfW^^ 

to^tk) red ippt^; .At doas .not £tHk«jfif^: v6th\^t(% 
ngfli^er^eftp i*W^ai5:ids. j iE^erj^^c^eofs c^itfclt 

&K^^ pattiiift.^^mdijgd,. apfljjiiai^^ Mid 

£ If an equal weight of cqnc^ntratedvj^iisriCab^^ 
^n:$\d^^ii9e4r!llni»ri£i|h4aBtPJ<^ fi^^bldf^fi^Plll^ 



dGt(iV«d[}mlkbesftin}».i^ jdc^ i^^fM^apofl^cpen^oiatiliep 
ik«rttfn<^^«hfrp«ijiobf >i^n$ii«bf1ijriin«icuBfi bur 
unites ^wdaaiifm aaolarf cnlfiBeMIe ^daoQtjtiiiiit » 
the acid be. wanted in « fluid fl^ic^ it is necefluy 
to adapt a rec^yer^ Cootaihii^ water^ About ten or 
twelve timea. the .^eight^of the.lpar. This acid, o 
efjjeftiallf whea heitted, aftd^in^e-acrial form, d^*. 
^*Wjtt*^4 '^^ fiiiceous eartli,^ wWch Jt t^h^ 
from the glals-veflels during Ae dlftitlatibn, foo« 
corroding them throu^,~ if they be riot very thick. 
The flupr afjd air (kpofits fome of this earth by 
moibag.^ wad JdtB grcatdl part Bi i9id cfdroi xX^ t - 
yMit cnift eniSx fi)i^a«e ^:wAt^ ifknkM.x^Qo^ 

^ #he Mine d^iki&adoMtiStWMi kff «nki«^ihk> h 

lN#'4Me'it 1^ « |){!ejidiar acid,i as rdi^tt^ift l»^b 
jik^er^ei from- aU odier >acid$' m' th«y sire Sto^ 

^^^^Mi>''(2dti^mpdrtiQa-#bM^EaftIndi<i; x 
intlKfaMti 0^ hedtoi^ukrr or irmgularly figwevi 
€9*^sji bf^t-tl duM whi|e> <» ^«eniih ccdMny an4 . 
^6jtfy'itb^ die^tMiehf in fHs ftate it is'o»ll«(} 
|idbak> <^|t'%^ <Aug «uc of the eari^ ia the king^ 
l6Hl^<^?4iib!il4^->in'a^o(yftMi^ Theti^ 

puri^s are &p9,m^ by Ibluoon, filtr^MiMy «q4 

«j^«^^ Wifit hJMSkc^ ittr fiMIs, % Ib^ «s «aiBr 



I|6 ACIDS W 'BOHAXy Ot AMBBlLj 

df cryftAiliffiukiii aM^rtins into a* Kind U^m6$ 
Vft^ic^ :nia)r ibe* again dxflblvTed m Tvater. -rdbi iift 
dhkfly isfed t$^ ar£toc for foUermg' mtlab; t ''/ii a 
L The cbihpoiieM .paiftk. of purifittd ^.bortax ^avd^ 

( ftvdmeen ipahs ofi ia»ii«dt. aUcalis tikiyifiixb- ^ 
a peculiar acid' »Ucd. the; acid ofJ^ono^ Gi}jfelK»c 
xivcMty and ^fbrcfffev^en df vnten In<fiait'«on(V)t 
faotiatson isbt-matae. dian alxnit finr parisnof ili9 
alkali are TeaH}r £mtfaced| .fitridtich i^xoiln ^Umhoti 

' incinany^ oa&stku^'as ahral^odi,;:' < ) - ^Ltc^'icVjrlS 

M ;lf Boi^«ibt'«irdvMto^fan^^ 
tKe vltridlfe acid be addW> dtis^^aft 1*«B mifbii^' 
wkH fh<^ ^aMy ±M- diftngagfe «e -fi«it{<^ir mvp 
-vHiicft^ Win ft^m ^t tht^diiict,^m^ 
wiute ft aite^. The fikettd )kf8«r 'wHl ykM v^t^O^ 1 
lated mihe¥il tikafi, or 61ayb6f^ ^i.' ^TM9«i:d4^. 
alfo ' dbfa»ied by filMiimtibn; ^t^e 4lkafijK^bil& 
''bein^ftpdrated by thepeii^s ^K3di£i«AI ^toSH&i 
ftfonfifer • a^idi ^ '* * • — ''^•' '*''• »r*«v»'.^^i won 

N Thfe acid of borax reqirire* fifty tirtiei lis w*i^ft<^" 

- cff'ykiae to 'hold ^ i^ Cikil&On. ' Itb 4cld'{>r(^l»i(ie^; 
>i»fien uricdmbmed ai« hm vfefMYttHiniklliMdi''' x!-^ 
nibderiite'He^-me9tsitwidt.l^4heewfefeeii6tf-tl^ 
borax; buf d)e glafs ^To-'fomMid- i^ agaiH'l^i^l«i^ 

"" water. This fixed acid may be ufcd for^-fhr fi«S§i 
pr#pdf^ aS'^T^^; knd% s'ntoftn^^<#ck'^ik ^- 
p^itiietits to-be-n^e wit^ct^idb^'^^ri^ 'Itilei^i 
bde(l'^und'\iiif^ombiiied Iti thei«9rii|^^^xb^a(ffi£ 

• lkktfi'4n'!t^ilftafly» '- "^ '^- j-vu^^j n -ijijiiat/i/irio 

iiiiiie:iiri»iatUknd)r;^ .vtHe .P»)4^^<dond[iudl(o&viln^ 
i ' .'1/ elfewhece. 



»^clBar -yw^wT|t>-y^toi».fti Itt, origiftrv riprdw 
M^f fiKffiP.#B ycfoqiiito kiagi^y. » it^ik t^aottt 
9imy» fewad in. ttond g bb«i>«hQod of rfbffil. iwxxi. . 
B7 diftiHfitKQ»: .»te fiiei!ta»'i«|uQi:, atu.oiU:oftnd .<«i p 
«oac«e&B fdi, ate Mgutioc^i which.. I^;jmyri3a 
ibinewh«:ponfied bf folutaoii^ and ^r)rft«UizMibiii) 
The ImoibiBftions of this .wth 4lMis> leaijdu,. od 
numU, 'denote-it'to b& a peculiar acidi. ,-.... ...^.j; 

r Phofphonw (170, y) till Uttdy^has .be«ni .obni a 
tijfif d-,|iyv4ifl3iM9n ^fifo^ ,, 

JM«*dWh?r wore yol%fllf pm^b.' hiwring ..bfwj : piipvi^ j 
o«^ 4iffif»aScd ..^ ^JSat-ifll a^.opcn YPfekb Xfl^, 
wgr4#'the:r«ad.'<rf",tfeaHprQ(?RfeiiwAuKb^ iRqiiiie^,^ 

qow known^ dmc the.- phofphoric actd. jcxi^.rOpif > 
0S^.¥nrtl i^:M^'$9i^. of ariioiaU tu.yi^lhas , 
in HWtf!iilNijl^\iil Yfl8[«Wt>l^> ;ai|d,85,ibuQjjt,,i^kj 

^«tilSiW(?fllejl3teiffl¥(8RLpl»» pC .tht<:l?«^ s 

afilwdathd4>il^9h(|nftt»icid- r. ^k^.:VmiikSj^V^ 
qf this matter in powder may be ^fsfyei^ ii^«H 
t(/ytm> 4)totd(X>f3ifongMtr4(t»dl 'ldnioiic;a.'a(^(i;r.:iUui c 
^ic|!wqpdsiiib«ot>fiiEeitHK4 <^|iniler.i .iuiCliis.ii|ii]{niiir 

, - - ■ Oj muft 



. of ^i4»dl t^mihxH^fMtieiM^^ 

pfioric-^Mgi^f whieh ha» been ^difimg^ed 6oiiii:^ls 

, qaJcarcoTO bafe by? the i«trk>lte.acid?; . -TJ^^reWiie, 

I 'W^4' i>y la 'fti3*qg» M«t,- -flow iiim ' 9 itind i^ogleft 

qf a wfciti^ femH>p^ afpearwte* lit isritt^y 

matter has acquired the eoiiftfteftceoi^ fyri^sr^^ich 

tj- ,,Eqtjai.fiam gf this lu^id^ and oI^t otM|r9lll(t:ia 

powder, mixed together-, W^rdpl^fphoru^ilb^fi^ 
. latiM fm a-good ^arth^i^ rcftori ( i^J^i e^r >?^ re* 
^ cei^iei^jnufl: be half $lkdi with W9|teF}-:litHl;*t^>A- 
. ]uiv6 a finatil hole pkrcf4 ,ii>; ks: ii^ip^^^^^piRit^i^^ 
:; let 4]^ ebftic y^ors ' elo^ i <>r, Hf##fi6l iioif -(^r.f e-* 
^■^4fveri;*% .«cdc p( %be refMpt' lftaf:Jftra^tij^ 
. plu9ge(lin.iwitercontoii)ed iD-m^^ «^4lcn 

. J^r^f^iye? in 4rPI^whidi.ceafijS|biAe^h#te Jg>pa. 
Vfhjfife i?:.4fti^^.nM^e> Vr^ffftWii^:r<d4tftiWPx, 

,.,,.i,^y> v^i' in 



x> 



in ffbeh-a txfe^' n^r be.att:QRled)S»ltf9tb^ tHf- 
agrdeable confeqacoeesi " f< qniy (tie ^atcfod into 
■itibksi'' by putting' 'tifr^^jHiBicnt'raiidert tbtttr Into 

■'itd^eA' iax-tke lower esi j' ^tfaiP W l^{l{ii^g''%e 
n upwer, tfij'|ftttfF*on» ^81 |fl^dt'aild^^•'tfi»^'Se- 
.*«i!rt«fAd wattJTj'TXifcich rtnlft' n<« b<^ dofte^ tllPteP is 
»''4b6\'i or, it maybehadexcedliftgly^are^^'Rnifii- 

'1ftg:« ifo-ough aieaai^er bag ittimei-fed^Ol'lMitwaftf. 
- ^Bw^^ sflie*' bcft Tricthod <if cfcaiing 'ptofphoWrt- i^^iti 
■>f^^> impurities of the iirft diftillatioriite td *di<ti^ it 
•■ -A^n; witft a very'giende'heat. ;- ■• -^ i'-'-'^' "^ 
= :' To pi»cr»tnt <*e decompofitidn of ^iM^^ftls, ' It , v 
'^rMlft'lji^beptift i- bottle 'i*ith water flffi^t t6 
-^^Oli»«S<tt;' ■'-■'' ■■'<' ■ ■■ ' • '■ •' :i.. •■(.-. .DLiwoj 

"'. ' -^iriie pSbfphiofic add may''beh*r'*9i*il»hed'Jferkh w 
^*'^terf*y '■placing fticks of •l6IW-*ho^r^''iff a 
^?glJ«1aifl«ai' ihlfeitedtiri the neck o(f^i?boftlgv^^- 
-3laiSiil% J^atfeh A piifce of '^glafs '^it^ei 'iiifgrtlcd 
t-^n tife *tec1& df the ftinriel", will ^revettt ' the'Yttdks 
ir^tti lallihgctiiotfgh-.' In- tMs':iiHhtibti;.;^'iie 
t 'tempeMtatfefbe moderaftly Wa^; Ae ' t)Hdr|3K^ 
-£H^ *e' igtttd^iaHy' ' ^ecompoTdit' bj?* 'ihi Q^*^"' «fei- 
''ib«stlidiRtt7(^'lv), l^d sOofd^^ acid' tb tfeb ^imr, 
<}c^^^bid>tl«i3'bblti'be<d < tit pHlo^ifti^iltirdi ik^^lk- 
('T{»Mes^tfdi:^'6<fi ib'by^^poful^ito tftelirl '''^ 
-^:'i|*SM?rdrt^«^lffBArfiHyafer;ft8ttP«fe''pfeHp6«[c x 
i;«dti,fi ft^ a#Itftfic§ri^eHt)ij«iri«) ^Iblid-'tattrpiWiit 

"i** ' ' ' O 4 attraaiflg J 



gttraftmg^ moUhirc of the aqpno^htitj ;af|^dif: 
Iplves in water, at (he fame time pro4uciAg beat. 
Y Whea urinp i$ Jsi^ug^ j;o..^e^coi)fifteiife pf 
fyrup by evaporation, a fal{ is obtained in cryltals, 
called fufibic|J[^tj pf urine^ Pf rfP^^P^^fe ^ 
firft^ vitiated l^ ^.«lc}j^on of <5X|^<%f ^^gja«pr 
and" cpnriiTiQn' &lt'|,,^ut ,^^ich in^^ ieirgjfl^ 
fuorequent ibjution, filtri^tion, and cfyftaHij^iffl, 
Thi3 fait confifts of the phofphpric acid, combined 
Jn^^ F^l^ vQlatii4,tilkf^ii,, ^nd i«;p*W^wUUUp) 

h^f|^.,|^^^^ is driven.,off, jiwliiteflthBd 

Ptt!?^^*^if^fe ^iWPcral alkali. rcnwfifeiejj^itoii 
fij^iqgefhi^r into a glafs that aff(^jd?:pNs>^^^«^ 

depabjp jpppion of the a^cid - from heingjqwwgp^^ 

w^jifji^.i;}ie .ppppfiftiej rf jaa aqid; J© ^is.^iai^'^ 
it%^ PQAjiferfihle ^nto g}4f§ py. t:na)a6ti0iiiio)r:jfatet$^ 
aQ^^eipor^ices by;e^j)Qfuff jd .the ttmo^ttejt^li^B^' 
Kjrolubie. ia.lds t}ua.(wiqeits wt^^ Q&>botttiMk!Q'y 

-3,om T...Mu> . -.-;-' ^; ■•• . ■ ■■■■ '■'' '""^"^ ^'^ "'■'■*" 

(lj.nto-..'.':T>;-5 lift au.Mi -ui u sniwe^b^jd^^iupfJ' 



..rncj..ou 



iifito^^ oi i^'i^; 4r^ Fi<T, and by , pj^ussiah ;^ 

. .^^t^^^i^^^-^ -^^-" ••:'*' ■'•*. '^^' ':\; ^ ^' ■ c /'^^ 

ixno^i if ii^t-aU^ mtridin& vegetable fubllanc^^^. 
fagtos^if kol^^ bJ^ at letft moft iifually, &o^. ^ 

:i^4«fe?''-^^i^ W-oiltivateJ iri ihi wi-m^ .^ 

cbmadsf fdfitHat |wi:|3kJfe. la. A6 fetdi^nients ojf' 
jthe Europeaife tfw c^ -«HBiislljedi by pittiftfe § bc^ 

Je4xio»ffflQft <rf the jofcei bfeWiitf, .^feh.^rtoiiii^^ 
vg^y'icur triughB, pic^rlf rp;Jti<^^^receivt'iuidf 
X9«drtftotlamfl;©3L- tte^' boil^^, r Tftfe ^Mtibji of* * 
^d]i». Itf^-md lime-M/§s*er k peccf&iy to the 
cryiikalii2atlon> ^^Ae fug^, ^ich takes' phtcd ^ ' 
c^irfbcMieflcbiof the^^pomtiba by ^ Mlirig: ' .Ri-^ 
peated folutions^ and boiling in lime-wafei" lOux 
ley, with the addi^ipp of • oxjes blood, or whites of 
jcggs, for the purpofe of fep^rating the tmpuri«^ 
ties in the form of ikum, render the fugar more 
white and pure. The infpiflated liquor, contwir 
ing the fugar, is poured . into conical earthen 
moulds, where it cryftallizes,. and the treacle is 
^tout, bv dpwing a plug from an apcrtwrc in die 
,qAir3 - bottom. 
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tbotiwii ikSaB ffxvssr degree of jpodficatioar i» 

.;(Dfelainc4:^y .Q}»radiog an argpUaotooit pQfftc^lhrcr 

ihc. tap fit fA^ &^^ gaeat part of die ceixuqqing 

tmade being carried} down bf the moiftoqsjckat 

called fugar candy. In odier cafiia the tsc];ftals 

(^c fnfiaU and irregular. 
16. ( u The analytic oS ttu^ fek is yet imperfe^b: :By 
,. ^ilkillation alone Jt aflwda acid* and on enr^yhni^ 

^ QOAbc .cui^ leaving' a conlkferaUe" tefidbe; ' ^e 

&lt called acid-06 iii^;arj ^ 4i6wtvef; 

'.by 'another piocefe.^'- • • , .. r^ .v ... ji. 
p * ]Ui thre^ ounces of ftitog nksr6a»a^ 
: ipeciiic i^vity is nearly irw56i^> be^ rhixedr-it a 
. ^tubulated retort?^ with one ounce of ^effinefrJK^ar 

m powder, to which, lifter die :'f€lll^^n^til.1^^ 

plated, and the moft phlogtfficbted^^rt df ;ihe 
^ fikfOtis acid flown ofl^ let la tecetvor te .ad^^ktdkf^ 
. alid the li<Jutd gentlj^ botleck As- fockn^ % it! has 
; ac^md a dai^ blown color, three ounces .toore 
i H)f nittous aeid nrnft be idded^ and die hdQ&g 
^TtQ^cini^ fiil the coloured fmokin^^atid hasion-* 
T^ fta^ft difaji^aredr Theliqimr in the letorttvn^ft 
jrii}ie^;bQ poiirt^d out' inigr a larger irefil^!andii^mli 
j^liy ^i#ng'a^or4£9&aU qvadril^rd t»yftal§pi^hidi, 

cottofbed and. dried on bibulous paper, weigisijssp 
^ f^as.^ JThe Kmalitingf liicfiuat.imkd' a^n in 
v^9\t(mtX, wirh iMo^ounc^ 'of i?itiioui acBi^'afibtds 

;.-.£ in 



> ^d, by finatt pdvuMiMBt^ai^iim, to tixi |^^»us 

n!l|n%7ir<)di*fe^ tm^^ fhe 1^^ rdi 

Neithet- the q.uafiticies Hdr "thd^ JlitiDgih bli^ £ 
vahitr<Ris arid tiftdin prbdirfe^ 4k^ 
t. atecif atcenflcd tb'i but the* iqtiaftti ties Obtrfn^'wiH 
: :& cortfid€>aMy ditmniflied/^ if the ttoifing be con- 
^^'Xit&XtA after-fhe vapors have dSfeppared. - *^'T 

It is concluded that in this^^^roceft^tfteilimius f 

AadH docs riodmig nrorc Aan combine \dthi and 

.:^. cariy off;;-rfic oily* part rf'the fiig^,^ bythat m^ns 

jtaBrfeg'Mthc ^* T^tjfe' crfflbJS'are 

ther^re calhM life acid . of firgar* Offecthaffeie 

. 'jscittj ' tHifcy *havr ani-eiceeedtngly j^ngcnt^^t^e, 

, \hmr fexcirt an v lagreeable \ £€^h.tlxm ori thc^ towgoci 

cr^hcin diluttrfl wkh wato^. • VcgctaBfc Wucsj^iiidigd 

: iCiKeptcd>"arrTeddcned^ by thii acid, ^(!ti!i'\t^^(^9ftY^ 

r iWly^atctefanandftdnabintt iJ&ith'aIfcaKs,^eaf As/toid 

-iVEiiotis ta3£ta]s/!i&Qrmin^oonripo\uidsi «h^lf&^d^t« 

nif^diftinguifh in frorpi*erfery oA» a^- '^Btrillftg 

lli«patfec 'difiBlws ttsj-TOwn weight 6A*[e?cjfyftih^3^ibnt 

,iiafin6Q?l£:R\iwIl>^taldef^^upr;nii^.i«^ .>9iaa -^^Jf tHat 

cquahrityi ri^q^^ Pi. •!".'!?.'' no.-^; b .•'^•r L^r'^^^Hos 

II T rTMfeeih^neiaCTiie^otttfcesr'ift'id'l^^^ -^33fcr a 

£lririai;6{ift;^£ luaaaayr he &biufMsd^4iy fii!^5.riie«gl^#)t 

,(3i1iiiw6liriMrati^IoJkp(drt^ 

wi . • it| 



Md'vAtms^^ibk \' ^'^ ->^^^ 

that o^9ii^.oAW'ddd|' theiompound- thu^Toi^fteS^ 
is4tifiitubie«r:W4KCel'j ind caai only be" d^6cap6^ 
fa^rfir^i: .M»w«he9ife c^ lime j»i' e&i^g<. ftqg^ 
ttt^ GiyftiUize; r The . ;iat^e juk^ ^ h» 'a ^jie^i^"- 
alM]iidan& L of .iacM that j^reyems cryflsiH^^oiaff ' 
butrtkisincipkKiimefit U reipoved by the i^ne^ ^v^ch ' 
combttlng ;«kh it^ is: either <:amdd off ia tfi^ft - 

I ikmny^^itir: finkslto the bpctom*. vH^ioeaUbthe^ 
f^Qcharinc ;acad :afibrds one of ;the :iiicdl: ^and moRr ^ 
rartttflPteftaita :diiira7et time m waiters. - ' : / 

IK . ifiak' <rf firnd xjoufift^i of. the wgct^e lalfcali 
rtlpeifa|}a»ted'wkh:^:|)dc^ Jf tHe^llbA^ ; 

daiiqixrid berfu^oraced wkb volatile aUudij "^^d^? 
nilsia9srfQlatumx>f pondered mth ^ ^dde^;'diB^^ 
compoihkms miid new combination^ take plac^i^^ 
double difiii%. The. nitrous acid -feisees/die [iri>^"^ 
latile alkaliir while the acud of forrel^ :a))itihgc^^4&v/ 
tbp^pp»leH>us.eait^ fomis a compotmd>: tfa(i^ ,on- 
accoiint \t)f wits^ difficulty , of Jdutioii, ^^Ik fo ' Ae^ 
bottoim:^ rXlk: fbdiai6t][t being wa&ed, and |)laced - 
inefeiiir water^ jfnay.:be again deayttipo&d by v^- 
trbfo:;j;acidi '..which ^fbrms:^^armor ^metallictiifi^ ) 
(ijtyici&Xrvdth the. earth,.; TMit idH^ng^cd^ acifli i 

t If the juice of lemon be^iboikd Mritlk^ediifi^*^^ 
«n$pj of ^ef^p* ite:y.ji^i?. ^Aafe^ %oaffiai».hoil1t; 
^ «^id]s:b|^:(h&>:r(^d\ier M^ili::not iflSdndr^iciiyftaiiN^ : 
. ; ,. Aquan- 



4,«uwy'^ W^ tor 

$ltuntion to boiling JifOii^skM^ 

m^ be iecrn^ fr<mb ibc. precipitate^ .liikitmrnttt 
wa^ejf J^tiHfgVifpe^^^ poured oil. thkl^dUiiidi 
cqpmvS^ tf^M^B, '$k:t decoroppfi^ ti^ei pccstiptK) 
(g|)i)t| ^M|B^^ o£ vicrj^l^ equ4) in.n^gl^t toc.dio^ 
c^llft; mad^ia&'o^ but diluted Mnthpteb timeyiitiir : 
b$^pfl(»^> osi^ be d4de^ 7^ mktinre^iirftffil 
a few minutes I boilmg^ "wiil contf^^tbie^yitmlip'^ 
jitld^ >^ited td: the Jinifi) in the . ibiimioF gjrpliirtij : 
(174,;^ M)<.and the ;aeid jof iemoiiTdiieiiiiagrid^^i: 
thie. . watattt } ' F'itisikm . or/zdei^ntadan .odQ: 7fepMl> 
i^&tbi;.g^^^ixUd the i»^ majr^lKi 

oj^l^jiied ill jKjrftiik by. ;crapontting the vaficr« Th^' 
cq^li^ntioni however^ > vffl not take jbct^ ifi» &cl 
wj^M:,%^of;itreogth> or; a diie; quantity . of :Eiind]^ 
mAj thaete bicic&anjriinie in the ^ohitkMi^.Tliisaqajp:. ' 
be known; by adding aim^.qnandtf oLvitrioitCf 
aci^jU fhiCrlipllttioii when etraporatisdtartKe cofiifift^H 
en4e ^ (^ii)r^rupi> il£ m7^prMq)ijC8tipii tak^sr^ 
plA«9»i tittMrriv^rbHct lacid m rhc ciiddci^isidtiila^ 7 
)agi«eidK)^£^iifi9ifiuoul^ in.4xa&titjfb i^ixU/ub< i>ii;|si ) 
in>(^«Ii«fidli^Bl)afiBeol:ryft^bad^ jriBhcratiohatf^il 
lemons, by digeftion with ipirit of wine and wate^^n 
is^.«SBlfeCt«llin» tttttgfilr.v.l norr-^i ^^ ::■i^r' r^rh U 

additidm Dfi^jliak lontIiiifeiiWfr^ic(H'^iT^e%dft^I' 
• *fi£i;p A verted 
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Mi^2 #cjDs ^am^t»»m '^ 

iHMeiv Besides tbu^ 4/ iball '^uttntity ' o^r^tigo^i? 
Uibleidkflfi is fbuod^ :iffak& i)ie!07» klUf i)yt fotatt^ii 
ii^ttflrt»9 vdien thdiiirtftroHM^ acid m dropped' latsoi:} 
Icinoajtiice} andfUfibrcd t^ftand^ocx^e 429^ .4^01) 

P ^ '-The fttigmttt ^fin^ cdfed bfenitoiiii or b«ij«fi!fflg^ 
i«&)^ « c^l-el^ itdd ift'th<$ fbfm of fltadtf Tjjl^ 
ctflb^ by ^(t3ft>Iimittbh3.tltfa6r m clofed ^vtOcIs, Qr^fif 
aiii ^ng « Icing papcr-funncl to^ ah c«rthta^jkr;' 
contkmm^'the hetizoin m Mdh o>^t- dd fib.^^lw^ 
aad^iWf ^t' obtairaddln a ilate 6f grtfafef purhgf^^ 
y^ tercful -boJHng b ^6wdtr witb Btfifc-^ter. ^IPMif* 
BlAe^BimcK-wth the add ^* add -^i^w ^fe^adHitioi?^ 
i^fH&riitt acidj the adki of benzol2i,'#&idt is fcarbtiS^' 
fijtibte m cxiid iv'^trr^ fidls ta the bottbm, lAB&'dig'' 
iwrritaad'lime'jrcmains in foltition.^ Tftte a^tf^ 
bPemoriti' Is. dtftrtraibic by heat, anet idicn-fetrijB'' 
tSb ^ikiQiacs to hvmi-mA a hri^ht y^hcur flsliM!^' 
K'iS'Madt}^ ibhibte tn-at«km%it^ttvci»iii ^^iBH 

<^ i'^fiHt ift a flitirt'tlme ^wi fiur andtthicg^aM'^ 

ctHsb-i-mlty &c fepviitfed} thod tH^^^e^^^ f<$datP)^ 
2dMit»ft- 'anr-fefi^htiiil >f^, Mi&nil''«stn^/-^ ^^^ 



t]ie(Mid of mBk« ionmng a folobki icbnipouiKiwidi^ 

thai€£)]re fep^ipble - by filh:aldojBiM > A foluntm of ^ 
tlio;^<tii ^fugar boiog aiddcd^ /Qtsok^ t]» lUrncti! 
(204j H).afld leaves tbe acidof mUk ag^ lif^f 
coaibined. Spirit of iinne diflblTcs t^ ^^t 
bjx( none c^ the ocber fubilaaces^ thtit i^enwft MIt <^i 
w]^y» EvapcHrate the water, wbiq^ irontd i^qp«fB^ 
t^; aftion of th« fpirit by dilt]Ci^g.k ^ aad wheqf die 
niai^ is of the confiftence of hoxieyj add th^ %i^ 
rit. , 1^0 this a<:id folution, after filtering, add p^fse, 
mfef. DipUauon will carry c^ the %iriv apit 
Iq^ in thf retort .pure acid of milk^ diifoLved i^^. 
Vf^fft^ : T^ &<t^ of nulk yields no cryft^^^^. ^ 
. Wwi,^vi^orai3»lto dryoefs^ deiiqucices agaift. J^ 
iad^^£ti,bk by &t, afioidiDg water, a.weak acid,, 
a^alacfd^ inftammabl/e air, uxd caaU It^oeecd* 
viQ^fr in ^ttra^ye p<mer> aod appears to jbe aw 
injc;9ji)pJlcfe,viiic|j|ir,.for wai^t of afijffici^t ({iMiiingr 
o£,j^*!d<>xt ^Spirit. cffoTy. if a^ ffW^U i^opprtioir of 
ax;^fnf,^^irit be added .to milk, the f^tjsi^tsfiiim 
llp(:(KTies tfpm \^e4n^ skfid{ viAt;g«r jp pfoduned 
in^;^ of thi^ja^Ms ^^ i»,:addHii99l^ ta'tbit^ :^ 
a(^fSfj[Bili}ijfffH|».tbe:«5l^^^ %ir%i$d 

Ml»ffef#5fife1l^8»^ iftf g^a^ft, ^9d^ibgw. ^ 



t 

- Iftfcion ^ its ))fdduas are' iMsoiy'^-YlHi^ M^mlt^ 
Agar ; Wt'Wwn treated with m/tcdn^ ac5f'(^«ft^ !>) 
% Jdfords !lfte<i» ifttti' ohe-fikFf p^rts in thfe Ik^riMt 
df ^chafine ^d,^ and aboat twcntjr^^ef^iiiii)^ 
toof anothei* acid, t>nly fouiitt in- H#r <^n»ai. 
*Tlfis-laft is ifr the form ofk .wfii?te i>iMM-.''''Sli8ly 
■pailik tjf bbiling wSiter diHblve one" <»f this- acid> jftfll, 
on cooling) about oiw-fburth part''rf'thc'jk^«*l!|r 
'ftptrab^ in the form of very firfaH crfftids.i"|p»a 
decbrripoftd' by #«. "• . . ; U vr,^ 

« ' Vfhiti an -ant-^Mir is ftitred widi ' a-'Rk'iii^^t 
''enmgfed irile^ emit an acid,' whidi-mty'b* fjd^w 
' cdv^d to 1^ ftr^ch, -bbth froni its fmcn alKHWlP*- 
■ HViiter, bf ardent '^irit, in xiHiich they •are'- Jt^SbilJl, " 
' becofnci acid. ' In i*he-procefs witfi lj>iltti'^aft%f'- 
dib aeid arifes in diftiUatioh with the!^itnti WiMlfce 
greater part teniains=ani«ed wiA ifet-fAlfe^*irfAe 
retort. Prclh ants aftbixi by idiftr|latbn,.#«ttlit- 
additibn, near half Aeir weigB^ 6# aiaid^; 'iNsy 
^Uke^l (he kids of vegetslbies) is t^fotvabk^^^^lMac 
"toib' atrial aidid, and inflarirfhkble-a^v ■? -^i t''^ • 
> The acid 'bf&tls^obtaiiiedl^Wi^^d'iftlKBi*- 
tions'VjfMtat'fubfttnte.- ^' ■■ ■'; -r-^u tn'inii'i^.. 
w .'. F^iiiah'bltie IsaiieaunViilp^^tteitl^tlfieltittMMW 
; hi the*^i.' ' It 'i^ppbduied by ^liCAItikb ofkhlftM^- 
' iroii; w^tH'apkM^&cid. . Th«^e(¥f(ii«iaifl^g 

, it •« a^ fbltows't' Cd{«!ii% kqxM pm, ^H^tgetf^ 

t fiiKd-'alkaH, «Ad dH«d '-^vUdck^ bKi6d|4y|iiditiib 

to- emit either flame or fmokej then ratfe^lMtili^ 

*• At . t i f f» 



$00 mt^ fht imA n Urn mi Itm. Titp^ 
^^tn0mrr$^HkQ$mi>$s mmf i$mfB 4£mwcx j9& 

il jkr hiAf M l)piir» Deoupt this U^Ad^ aod'wafii 
#il 4XMrij ifi^up widti morewMTr ^ ic pomn «flP 

;«lQa»ft iofipkl. A4d.tfais laft wMer to tb« famMr> 
wdbgjl the/whofo t^ith again reduced to.tke 
lofttier jiuQ)bfr^.;Au«:C3. Tbi^ is the lix^ykiin x 
Ivng^iilis^ or pruflTian alkali; wjl^ch^ if added in 
|iP9f»er qyanticy to a iblutioo c^ iron^ precipic^tes 

. it partlf in the forai of a caU» and partly in the 
fyrtn of pruilhn bltie. The marine acid b^ing 

f Ipuivd on tUs pi^ciptcate after edukoratioBy dif-?^ 
Iflves the calx^ aod kaves the pruffian blue much 

, jpurer. The method of combining the alkaU . with 
the pruffian m^ by calcination does lu^t faamte 

:^ whole I ^ which realbn part of the iron; is 
j^hflown down ifi a calcifonn ftateby ^at portioi^pf 
th^ alkali which a0brds no pruOian acid. But for v 
.ebmucal purpefes the pruffian ley is produced by 

. I^iiing the alkali in prufllan blue ready form^, 
7he cats . t^ irou is thus deprived of tt^prufiff n 
acid by the atkali» (o which it has a greater affipi^, 
and whieh it only quits when th^ie is ynptbtri acid^ 
|H«A^nt to unite with the alkali^ as in t^ juil^^cg^^ 

TtiQeid! iftftaneft of the folutio^ of irop^ whfre ^ 

' doMblf afinity taW/pbcc« <The pmfliM.^ialli^ali 4 
pr^wcdiin either itray ^xKQtaios f<wne iipn« .It 
f»}m hid pufit) m, no other way th» Ipy dii:e<9^y 
MmbiHi^g '^: pjice piuffliao . acid wi^ > jfl^inf 

. Vol, II. P Pruma» 




210 .^MCttSSffilK^Afim. * 

A Pruffian a}kalij bofled in a netprt^ vnfk 5rq^ 
vitriolic acid| emits the pniiiap, ac^i in m^9^^ 
jnilamiDable fi^fi^ w|^c^ i7)fiy . be abforbed b^ 
water placed in the receiver* But ^s a po;^ti(^% ff 
yijtriplic aci4 <x>ms?i9v<jf >li;ketjri(e, *7fecpwl iii*- 
lation is nQc^0ary»c !^thL ch$ '^iQOii of €}i^ 
The vitriolic ^c^d by this means forming gypfiuq, 
A^ 46tW)jedj .while the pr^i^^ ac)4 S»i9(s 
Itotajyiy, b^fp^i? poe-fo^rth of t^c, w^tcr i^ c|i 
ofiv Uis jpjot. (therefore n^eflary, <o ^^f^iti^i^^ 
^illajcion hpyRtj^- thaf period* . . ^ .,^ 

B This ^id ,i^ found to confix of a^a]| aci^^ t^^^- 
p)e >*lkaU. aftd; . pMogiftoa. If. eqpal ports of 

• f>ulvf?ri2ed charcoal 4f¥i vegetable alkali. he|,a}j)de 
fed-hpt for a^quarter of an l^qur ixi a crui^il^l^^ §^ 
fpipe fal aQinooniac^in fmall pi^ce$^ be tkcn l^fl^ 
,^^nred down into the mafs, the aq;uij£>piac4 Kffpoi^ 
,.wilji fi)pn ccaik. The ignited naatter being t^^c^fi 
40to.waterjra|£;>c^ a lixivium equ<4 ^;^9. t»9%,^^ 
is niadp with blood. i >dD Vv 

c Afolutionof the faturate4 pn^an a^;^f|f.,a 
valuable precipitant for diff^oyef i^ irofQi^ixi^(|[ui4StS 
no other fubftance forming pruffian bl\ie^^ -../.. .^ 

,1 r . 
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,^ . I lu ' M y A '. '. 1 - . ' i . xj , '. , . > -..it. "i , .' V . . . ,» i jL 

^^V V' Wiar organizarion by^ any mfetns fo fJa^ihi- 
^fWS^a-as'to b€ ho longer tapable of petfornimg 

the offices to which the}' were adapted, life ceafes, 
'^^, xrntcfs the temperature and drinefe of the* fur-» 
^•foundiflg medium be fuch as either quickly to eva- 
^^rate ^11 the moifture3 and mdte voiatSe paifts^i cr 
^c? fix the whole mafs by congelation, certain ehe*. 
^^itiiciil proceffes take place fpontaneoufty, by itreans 
NliP^idh borfiihe fluid arid folid' parts lofeilieir 
^-ffifrh^r^ifiTahgenient and compofitioni^ at the iamc 
'^iltiir fliat iiew combiiiations are formed. Thi^ ad m 

rf change is called fermentation^^ and is i>f6perly 
"^^dlftm^lhed'tntathrte iOragesi; namely, the 'villous 
^^ w^pipmbus,' ^ acetous, and the putrtfaSii^'fcr* 

mentatioiitri'^,/'^ '--'^^ ::^ . ' -.^ ■^^. ::.:.-: :./. j . 

It is generally ijnderftood, that the vinous fer- t 
mentation does not take place except where fugar is 
prefent. The temperature rAoft favourable to thi$ 
fermentation is between thirty-fix and ninety de- 
grees ; and the principal phenomena are thefe. 
The liquor becomes opake, and warm. Aerial 
acid fifes in minute bubbles from all parts. Muci- 
lage is feparated ; , part fubfiding ;o the bottom, 

P 2 and 
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lLi2 . FEltMSNtATIOH* 

and part being carried to the top ^ by the fixed 
W.*' Far a certain' tiibethelfc appearsmtes in^rtSfi 
but aterfward's ^(fim 
- ^M^,'tK6 'ffiAd'-U' acn a; puhgeiit^fpiritious ' 
dae; iritead: 6fi?he IVeknefe'ir teW^^^i^^ 
Jpetificgravitjris'cDnfiderabfy lefeV ahd'iti'if!3fi& 

H 'ardent' fjiirit 'by diftiflatioii. The' qtiirititjr'% 
afdeht rpirit afforded by any fermented iH^TS 
tbot%ht * to be in' proportion to die dimiirtiflik 
Jti Ipe^ffic gravity undergoes by fefmentatlon ; 
wlfedier. thi» be true or no, has not yet'^llisSi 
proved' by -experiments; but it is highly ^^ 
bablc that ah* attention to* this diminution' wm 
afford the mintifaftufer fdme method "of eftima^ 
ittg'the ftrength of beer, wine,' andotherlftJuoA 
<jf the Eke nature. • \ '" ' ' ''^^ 

I If the liquid in diis ftate be confined ' fiiTcftife 
veiffiSs, the fermentation continues,' bxit *;vriA^^ . 
trerae flowhefs ; an acid fah, called* tarti^,^^fs 




depbfited, and the tafte of the liquor beccroei 
triildef, kndmtire' agreeable* 

It But if the fermentative proc^fs be fufferedJBtj 
go jdn in open veflels, more elpeciaUy if the'.tetijh^ 
peratu^ be;^m^^ 90^ the fe^opd ft?^^ 

acetous fermentation, comes oij, aii: is en^ 

'^. tfid'inXlfs^'grbws >arrh^ and mudlSge is depolu^ 
ffiif ^%t6ftiAe'' icAotion at lengtk'!'ccaifes,'*an§^^t}ie 
Kquia15ecomes clear : it is tb^ vinegar* a^d xnay 
fee^ftad^tur^r bV dkfiil^on: '- !A^ 

♦ Rlchardfon on Brewinp. London^ 1784. . 

longer 
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TBRMENTATION. 21 3 

j,.,,jic .^rude. yinegar flcjf^y IjSiHe^in well cJofe4 t 
j^flelsi'.but if.it;te-fflffcTed,,Jto>50Btipue in,,9lie 
jfpeiiyeffdsj; it^4Ma|Xy.loli;5 its.a^^djty, b^ccomes 
i^if^ld and foul i enuts iurj ftin^?;;' yqlatil«;,;S4Mi , 
JijCf ofFj aa earthy fediment u.dcpof^teii, and %^- 
tf^WWng liquid is mere wapex.Thi&js the t%d ftag?> 
. The. three ftages of fernientation are never in- m 
^«r:fled in their order; thw is to.|5iy| bodies thjjt 
Ijavp paflbd the ipirituous- fexmcat^tion proceed to 
th(5*acetous, and afterwards to. the putfefaftive prq- 
c^fc^ -tuid cannot again be fj^jeGtpi to cithcit, ,^fter 
p^jil^g it^ ^ Bodies that begin ,to b^ deibroyjed bjr 
the ' acetous fermentation proceed afterward^ to 
|fe .j)]Ptrfj&ftive, but are ii^c^pable of .the. viiious ^ 
prpcefs*. And fudi. bodies as immediately putrefy 
^canoot be made to undergo either of the other 
ftagfs^ . Some ^re of opinion that all vegeublc or n 
animal bodie^^ which are deftroyed by Spontaneous 
decompofition, undergo the complete fermcDtaf 
ihc procefs,- tut that the duration of one or more 
t)f Ac three ftages is too fliortyto admit of their 
being properly diftinguiihed by bbfcrvatbn, 

prOr o 
4niacs, 

caveiiis, or "wells, or combined i^ith WWO: ,pr 

in variousr chemical proccffes. Its Ipecific gravity 
being about one and a half time that of i^tqaof^ 
pherical air, caiiies it to fodge in th^ lower parts 

P3 *f 
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|»refencc • is ^\it obferVed- 'bf iWeJftinMbn <ir "ifflS^' 
. jperfca burning dT thef ligHts- 6f dje miners. Pdfe=' 
fixed air is inftanriy- ifatal:" to animals that brfcatfi^^^ 
F it,' The at'mofphef-e always contains" fome of 'ffi^" 
acid; Litne-water is the niccft teft for difcdteffii?^ 
iti "the lime being 'rendcrcrf mild and prea^f-*^ 
tared (161, 2), The immenfe quantity rf ifiiSfP 
air* which is difcharged by the vinotis fermdtta4^*^ 
tion in breweries, affords opportunities of niakSn^*' 
the more obvious experiments in ' a very eil^^^ 
and ftriking manner, por theftratum ofaif tliat ' 
covers the fermenting liqyor is about ten or twelver * 
inches deep, or more, accordingly as the fton-t 
^ohtal feftion of the yeiTel is higher above thi;:fiit-'''^ 
face of the liquor. Candles plunged iri thisf bdtff '* 
of ajf are inftantly extinguilhed, and 'therfmcricii? ' 
remaini|ig in the fixed ^ir renders its iurface' -^iv - 
(ible. Agitation throws it into waves; Water ii^-^ 
a difh, immerfed \n tlie fixed air, and ftirrcdbrifk- ''* 
ly, foon receives a ftrong impregnation and iH^f 
tafte# This aerial fluid may bc dipped iiito, m^' 
brought out in a jar, like any othtf fluiit wfiffl^- '^ 
is denfer than air, and does not readily mil wiffit ' '^ 
j}^ it* Nothing can be more fingiilar than the ejtpe- ; 
mchts made by pouring this arr but' of mt veflfel" *' 
into another. A c'aVidle becoming immed^ttly'i 
cxtinft; ah animal ex|)iiing iri^ i few f^ccaids/W 
an alkali cryilallizihs," • When ihciiidtfdifl fhe*v<iflel^' 
that receives the fixiecf air ifc tHe fame^'tihiife- titet'.-' 

the fignt cannot |)brceWe''arij^ HiJng tfet is po^^a;' 

''''-" The 



ia^(|Llkati ^ted ib^peq^iar: apid. When puri- ' 
fif^^b^ 4^tiG^ *p4 J^Mlfi^aoon^ ;it is in corn- r 
a^q;e^qdkdrPie4^ pfjieacicj in ciTeam 

6f 4»ita^.;ii. aipre tliaa , fudciept to faturate the . 
dksALl. At.a mo<^ai:e.ten!befatui:cb this fait .re« , 
quifl^s:Ai:>oup: xuxe; liuj;bdred and wty parts of wat^x- 
for^itj^ipliitiQa. Tliis fraall dtegrde of falubilitjr :S 
iflri^t*r-i^-wPt^d^^f^l> whttt it is confi(}ered . that . 
tii^^id^^ or the alkali finely, or even the neutral , 
fi|]^|)roduccdiby perfeiJt faftftation of each, w^ very 

* Thff a«>ft convenient method of procuring the f 
acid of tartiU: Jis/: to add drjr po\f dcred , chalfc, by 
ftoaUAporuions at a time, to one hundred parts of , 
dicialtjdifiblyed in r boiling wat^^ in a tin veflel. 
Ab9i^t twenty-eight parts will be required before* 
tl^f. e^rvicfcencc ceafes. At this period the liquid 
nral^: bi^ tdecahoed> and will aflford, by evappration, 
(ilqrp^of the perfedly neutral falt^ called fo- 
lubte tartv, or ?artarized vegetable alkali. The 
remaioing powder cpnfifts of tartarized lime, a^nd 
w^hs one hundred arid thr^. On this waflicd 
powder let thirty parts of the ftrongeft yitriolrc 
atj-i^^,firl| diluted with two hundred and feventy 
pa^p^. of wate^i hi gradually, poured. After twelve 
hours digeibon] ;thfe mixture being frequently ftir- 
redjwith a wooden Jpatula, tjie clear liquor niay be 
poupqd ofiv aoid wnf^fts of the acid of tartar diflblved 
in wat^r^ The vitridic acid remains combined 
' P 4 with 



acia, «, drop or ms> .of a wq^i JqfHWRipiJSB^t 
-l8 of ,^ 45?Jx,pf ,^#»nfdi 

oag,.Yiocgaf ^ft.^h^jsfcjghft. 
acids.5nt^ iW^iHftTfifiPWftA 

lead wiU n«,,, Jf ^^4Srftci 
feoys rcf^ue cqpt^m^wy _WXsp^.^a[ft jit i^ 
be^nbwn b)^ throwing a |)oqtiq[^ :p^. hp^ifK^^ba 
in^wfeh-'caTe the, ppwder y(iU gnjipjtJl^SifeoF^ ' 
cmlt'^^rmk 'o( fpjrie of tartaf , ., v^<ji;,^^aHiiino 
ahcf^vaimiianbn.to the cpnTiftence fj)F;[ij{rHB,ijijJfti , 
f<^Bon of tartai;eous ^cid ,a%di{.piij£^ ^^ 
quantity of acid weighs thirty-four, whecbiABn 
evaportion is Carried to dryijeis.;, e ;-,.>j5-j£ oAT ■ 

ir^ 'Certain vegetables, .that.haja; ^auf^^lgCtlfttb 
femientationj likewife contain, tjjp .tigtaffgWri^A^ 

r "^By digeftion with w^er, a9fi:;a9lfiB):jf(y^fe (ftJSjfi 
acid is converted into vinegar. In the fire it grows 
black, and affords a fpongy- eoiri''wliich contracts 
much, and grows white by ignition. By diftilla- 
tion it affords phlegm, fcarcely acid, with fome 
oil, and leaves an earthy refidue, neither acid nor 
alkaline. It is not convertible into Ctccharine acid 
by treatment with nitrous acid. 

w Crude vinegar may be rendered much ftronger 

by expofing^ it to the froft. The witer freezes 

alone, 




^^tiae> tvStr jiwfeAts^ the ptiii^/er^ienottra^ 
fi<AA(ni2lrtIniu^<)ln, or at leaft retir£ti' it venr ihuBu ? 
GMflMxKiA vinegar/ after fuch boilii^ 
foatfcr*rpl years*. 

X9f (fiftilla^ of tn^ viiiegar the add is cil>. r 
tii^B^m tiuitibitet^tiaity inwhidxit is.calkd 
dbf^tcecous add. 1 It is then no lQiig;er |urqppd||)le 
of^e|AttriA']|^:^ehtadon. Like the other acids| 
i^^ifoci^h ^^j <^^ abd metals, with whid^'it 
fift^ ce^tk^ikk diflmdive of i;s own peculiar 

The acetous acid -may be kid'very f&ong% z- 
dia06ill^-!fi:te» dTftak of renfigm, whicHis a 
lidfe«3ej>n^lfi!%^c6^per combined widi the acetojiis 
ai^V 'It is'tHdn'ciaied tadica! vinegar. 

;i-.v..- ,;.v;;:.? ..• ' ■- ■•■■ ■■■■■■•-; °-" .■."■■■•••• 
-siii.n'L Y^: -n-- ■'■■■ -"i ^ ^ •^■■•'■' ''■ ■•■■'-. ■•j'^"- ''' " 

3fna r'jrw ^li.r, v;'.'^ • ".• -'v,-; H ''■■' "••;'"|" '^ ' . 

ion b'o'.i Tj.-biva ,-■ ■'• • \'n:.> 'Ik •'•••' '^"^ 

boB 'Jfin.i -'bael ojni il-: JiJ/ao) icn ■-. ■'». -J''-^' 
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jdbes by elixiviating them in ifator,. aiM. ^^^^^ : : 

c^jpisd pot-afb. It is ^iiapoxcefl fniibitiK aoi;tiiie^^^ 

taiiais about ha][f its vclgist vf coronioiti iiifa; i^( th^ , 
^ftate in Mrfaich^it is sifuaUf imdted; jsit^ia^iidoffi^ , 

Aa addition made doiibtlefs with a view tcv Jr^ii^^^-. 

a dvileiit profit. Pot^afli xnzY^htt&iiiiXfA::^^^ ^j/ i 
fi&lution.in water and'6oilin^ \ArJiyi lyRaiierofx^^^ 
|fOf;aEtx;S) the common^faltiviliciyi&Hi^'.aii^^ 
fide, and the lye>mi}r be.^ured^off: akiyariiw^. 
times. The greats part of any iaits it may cpn^ .; 
tain are thus feparated, after which the alkjili;.;^ 
may be dried, and placed on an , inclined plane ,pl] ^ 
glafs, in a damp place. The pureft part ipf , th^. > 
alkali will attraiSt the humidity of the air^ 9j5\4ul 
run off" in a liquid form into any receptacle,... 
placed for that purpofe. > :mj 

D There is : not, however, any method fbfEcicntiy^ .-, 
eafy to render the fixed alkali of pot-aflx purecnough^ . 
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Ibr nice cEenical parpofes, more efpeeisA;^ as thik 
ialt mxv be kad, imlmvi ftUM^ tspobte, ftXio^ ttm 

or tart^. If tlie nm^ prifoiatic tmt Wif 4L^ t 
fizgBztxsA with clurcoel 4^.!^ ^^) ^ ^^^^ ^^^ ^^> 
and the' alkali remjains in at mild ftate, artd verf 
p«^. '^iPdr thi* piirpoiii die mrt-xh^%ilnl^^ 
rcff lioi). m a crticiWe mutfh ttrgcr di«h 14< folfc^ 
c^cH^fo y^At^rf it/ andu ihiall q«ttft%^^ g?rfa*p'> 
piWdtt^^ha^coal muft be added. ^ The' -'inflWIW ' 
Initibh fnffiantif taifces place, and cofltiniies'^aPall'^ 
tfeef dfiarcbal is cenfiimed, 'More cotfl' rrttift th^4'^ 
be^adfded, and tfie fimc repeated tilj no faftKefr ^ 
detbnatidn happen^ ; cire btihg tafceii to raifc tftd "- 
heit tjbf^ards thef end of the procds, foas t6kec^- 
the ^a£Kin fufioh, left it Ihould cover and pfif*^ q 
tea thfi i^mairiiirtg' iiitrc from the contaft df tfefe^^^ 
Co«BV THis 'is called fixed hitre^ though thwe IS > 
no y!ffei^nc6 between the fpccimens of* tregetabKt ' 
fi^d ^flt^li, ^hen '^11 prtpifed, whatever ftib-' ** 
j£« Yi'My htvi been ori^iftall^ obtained from; ' 

The -t^getaMe alkali of t^rtai- is very pure, fthd^ ^ 
prefehed b^ ch^niHls to any other. The taf tar ii 
wra^d iri'wet fcrown paper, aqd the parcels are' ' 
placed in beds or ftmta, alternately >vith beds 6f 
charciKaFth a fti'macd The whole is then fet on 
fire,' arid die firfe continued till the blackening' 1 
fmbk'e ceafes to rife. If the heat be tdo intcnfc, - 
the alkali will rtielt, and mix with the impuri- 
ties of the coal 5 but when the procefs is well 
condudted, the' parcels of fait may be taken out 
pntire. By ciixiyiation in pure water, with filtr^- 
% tion. 
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no ALKALIVE FtinCSS* 

cphuderablc time, with a low he»c the mi|d^ alkdl 
R '^ ^Ecjii^ :p^^ of tartar and Jscoislj poj^jr^er^ 




^ /WtK/fufi^cicrit.phlogifton t6 decompofe tKc Aitrpj 
^fe^liin ' fihili quaatities of this arc prepared 
wCC^ it generally happens that the decoi 
lion is not entirely completed, fo that nitre^and 
isirtar remain mixed with the alkali j a circiini- 
ffi&ice of no confcqxience in the principal id^ to 
yiihicii dias aBcafi is ap>plied, namely, to brin^ 
ckrthy inattcrs into fufion by fire. It is catte^ 

""■ white flux. - ' ' ^1^' 

_ •■■■•/•". "**'3k2 

1 ■ For fomc operations this mixture of nitre aha 
tkrtar are made ufe of widiout previous detoha- 
^ ami In diisftatc.k is called crdde flujf. ^"* 

K '^"Two parts of tartar^ and one of nitre hwik 
detbnstted. togedier^ produce an alkali aboundiqg, 
^ffih tartar and coaHy matter. 4t is ojfufe iq 
fjdt- fufions as require phlogiftt^ cd be aSbrcle^, 

called black or reducii% iux; '" c.■-^'^J^- 

jji Hrphe- VBg«*aWe idkaii attrafls the twsiftwe df fee 
sSS^ awt^des iii«-cryfti^zc,'«iilef£ tombifled-^^" 
tfie-jitfia^ d^Jbftle tother acikK' "• ■ '"''•'' ''^ ''''■' 

,M ^ TMtniricral' fixed ^kali eicHts. in vaft quantin^s^ 
Hi'dife comnfoxii^ of the 6c^A, or faJltT^^^ or 
ifc^cIc^altTii$;^«^ ^^tis lortim&iesKii^c^ 
im^d with the vitriplii: add in the form of Glau*^ 

bcr's 
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XO nXCCl Uil allWl WALV^i • 111 IfV^liV^il ILOL^ IL 49 i'UJ.lC 

4r the Wiiftfdrthc earth Iri m^j^I^ccs m 
and Africa, . JBort^ likcwife corrta&s it (i^Ll). 
xKe ffiiiferS aflc^ has notl>eenprpcunid troin^ ^ ii 
iSfeye' ' lilts coritaimng ft. the acml^epte^^lMr 
mf procefs fufficicndy cheap. . It i j^ ol^tj^i^aj^l^ o 
the iharienttidh of certain plants of the kalLkuu^ 
growing^ " - -- - - 

alKdiin 

contains feveral neutra) f^lts in fqtiall ,p/^p^rfjj9f^ 
.Repeated folution a^pd cryOsdiizaxion ia water ^am 
ufea to purify itj^.as it^is more iplitb]£th^,t)ie«ijc|iq^ 

^b that contamir|at;c it, and codeqVi^^Tf:^^??^^ 
tizcs laft of all. For very nice purpofe^ ri^e^tpf^y ► 
f eft^ qo^in^n , C^^^^^ decomj^dj^y iHaei^ng , 

with c^x of Ic^i the acid combining widi the leadL 
and leavin5j|fC.a;Mkdi^ngagcd: or c(imfnon/«|| ^ 
toay be de(^p<^e4 bqr the adc^tion of ioi«o\M^;(pd, ^ 
W^S C^^P $h^ i^k^i, ^^J forms (iwdr4)ng«Ift|(i^!ai 




or mtre reaiaifl i|i th^ aUtalU tl^ey ,Y»^>e ^ag^t^ 
by folution in water, a.rt^ eyappiRI^Ofij ^: )^ 



.' • f 
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ciyftals contain above|^- jjijir ^li?«^H^ ofe WItifk 

the 



^.ir ■ • - . . , 



lif-:» ' " ^ , 'u 'ii/ ■<» 



»' 



lift «»il b«=WH»,ftUHi* / , -::.:i.yjq 

^)0[ieN(L: the iiwft 4^<wer&iL ?^tf:;^<Hirf)ani«*wft^ 

^HfeJ^... 77^e-c^Ge$ pf feycal metals .ve foj«y^fe 
' alkalis by the dry method^ as a^e li^ewife .alJLTj^ 
, iijartbs. SUiccpuyi earths in particular, ,fat:nj,.- by 
fufioi^ with aUutU^ that beautiful produft of h^a^p 
i{^^uflry>. glafs. Cauftic, or pure alkalisi unite ijvji^ 
pily.oriatfubft^ces, and fortn jSi^. .^ .}• 

T ^ , The procefs/or maki^ glafs is firoj^ijbjW,^ 
|>f^j£tice is by np means eafy. From one tQ,>t^9 
{orfs of alkali are xniiced mtk pm f^m of jtrii^ 
^^s^ei^pa^hj and the ojuxture calcined for a, tiim^ 
iheat.npt.fuHicieat to convert it in^i.gi^^p.^ 
tjw manageraent great part of the .inoi^ v^l^^p 
iQ^tters^ that xnight caufe tixe meltcd:maj(s ^ifQ^ 
|to4 iwell, .ar^e diflSpated* Thefe calcined, rij^ttf- 
fisilsj^ called frit, are then melted into gl^s^ 1^;^ ^a 
llronger heat j which, when forrped ijito u te^fi^iai gr.^ 
^^sUy cooled in an oven. This is cajl^d ^nn^J^g- 
^,he iraperfcdtions ofglafs are^ qpajce ippts^, l^ijlj*. 
bi«>- veins, or a coloured tinge. So^p iSlft^wiii 
change, or be corroded by theaifliQnjglf i5he.ai%^ 
chemical menftxua. Such, Iq , gqpjejralp ^h^ . tp9 
, much .alkali, or has npt hc!?n h^ldiopg ^nc«^ ia 

. ; ,' fufioUU 



|i&rti«le «i«%viMf d^ ISHid-«»^ «4»Ily lit. ' t^^ 

«im«idii%> ^ -^egldSi- Mag ^fl^rMI t» ^gMr ihMi 
^^:bef<^ it is carried tik ^- inmiSiit% &fdni, 
'^i^-mmitgement ofthe lieat is 'faUd td' t% of- gt^tt 
'ittipbJtante in <hi» art. ■' ^n 

^^ Tfet an of tniking foap confifts in depriving die u 
'jMcsdl ' of the fixed air it may be combined wfth^ 
iiid afterwards combmmg it vmh fdme diJjr ffib^ 
Itancei which, iit the rnaniifaftdries, is done by n 
^genti^' boiling. One -part of qditklirtie, and tw«r 
iif 'fbda, arc fadiled togeAer f6r a^fhdrt time, widt 
tt*relv^^paife* of water. The filtered lixivium it 
ibzpAyiy or a folution'of cauftic alkali^^ and may 
be cdrtcentratcd bfhcat. If it be concentratfed tiH 
kfe^^cific gravity is abotit 1*375, or, whichis the 
fehte yiing, till a- phral that can contaki art ouhee 
of water wiil hold one ounce feven penny- weights 
arid a half of the lye, the foap may be mad^ wJAi 
but broiling. One p^arr of this lye muft be mixed • 
^Hi twb 6f oiive-oil in a glafs or ftone-wialie veffi?!: 
THfe nrrikture beiiig ftirred from time to time Wi A 
si t^obdeh fpatula, fbon becoilies thick and'.wtetei- 
atd' ii?*feven'6r eight days the combiiiatic^ ' li 
iiBmpfcltedy and^&rtits a' vehy white and firm feyp^/ ^ 
• • • 't'helyc iftflargeiVianufadlories i^ made no ffrbri^a^ w 
tfi'aii to float a new-laid egg, when the workmen begin 

to 



§14 .>9^» 



*^«asl8ft^uM, Wight of <nl, lAiajs;fe'6ft» 

vhoie iiifi^ife^, try .> geii4«'heatrali the fta^^ tt 

^^ Ifit j^:^^}} (nadeTt is finh W ^^ 

m» fybjci^ |» bccoinp nx>ift j>7 ' opofu^ to tke 

tk^ami CQWipktcljf mixes with watia-,'with<nii 

dt^bitiAg a()y drops of oil on the luruqe. ' Tnal 

is m^e pC itj an4 the requmte altb-ations are. ob^ 

tanned by the a44itiQQ either ofjoitl or a]kiLIi^' "iQ 

the <m4 pf the hoiYu^ commoo fait isthrowA m» 

«Aifwo&]/i cfl^ed is herd>y produced. The Ibap 

is itpfoM^x bec^ufc no( diffufible ia iait-wacer § 

and -it is read^rpd harder by the conaplete fepuiuon 

of vegetable alkab from it ; for the vegi^table alkali 

^ does iH>c nw^^e a . firm foap $ imd. as. mycli' ojf'jl^M 

if^^ be in . the -mixture, decomporea^ apportion » 

t^ft isqpvQaon^ ialt by itronge^ Affinity t^ ii^ Mi(^ 

^he ^Uulr of the decompofed conuhon Yaitl, natoelj^ 

the minerals unites therefore with that partioli Of 

be. oil. which would otherwue" have rcmaio^diJi 

, l?pmbin«ion With the vcge^ble alkalif ,,, 

X jj,-^The Qle^npcg |a-f pcrty of fi>ap jiVw kni^wjt 

j|tt4 i^jo be atmbiitcd^^i^ i^i alkalij ^tdi Wifli^^^ 

fe* i^^>?W of Qily puttc^^ 

prevented from .mbdi^^wuK^?^tcrJ^^ 







--'nwcf ii'-^J thus proiuS^fs th8(i cfcd6'rHbo!8f 










ItraJizea .to braVk 

^ amS5nlS^Vi^^WMyi*feHa{ti?"S^sjfe" 
jugc bcQqp^s very pure by a few fublimations, and: 

Vol/n. Q the 





the v«>Me alkal^ hw^ f^«P«tr«d ^fh %55 ^« 
proceis already defcribec], i^ fQ^oA ^9 Pf, ^l>f VV^ 
the ra;ne£y*t;^^w^i5^ft^^eb5eii'^^^^ 

that origw^jly ?Wr^5<f V^* 

e Im tbt. dl^«u<M;ue£ t^ .aatO^ Tolatttr a|k;3ti> 

(^i 44, D ) ^n aerifonn^ fiuicl is ^Vica^^^d^ which 

^ - confiffe of "the iltUiy eiticr piurtJ or/elfe xi^^ 

yith too fealV i quantity of water (i^^ ^}P 

*a3rtiit of condejifation ii>to the. fluicl ftate/' Jt rtfiy 

' be confined .by qoickfil vcr , Witl)i^ Wi^t^r ir , wfflfts. 

^Iie tauftic volatile alkali, ftoiji which be^t ag^i^ 

acpek it : with fbcediair it. forms tlje concretjpVoIa- 

^' tile alkali; and with ip.arine acid air (loo^ pX^t 

*" forms common fal animoniac, y^hi^n th^e ftropg 

' cauttrc volatile alkaK is diftiiled, it is thercfpre .n^ce^^ 

- fary to annex the pneumatic apparatus with water tp 

rfcceive. the alkaline air (150, <i..). '. 'Z' 

•d^ ^•'^I'Ke eleftr'ic fpari' paflbifl' through alkkmjtar 

"pfodiices iriflannmabk air tapec times the Eiilk-pC 

^Ke alkaline air. -^ '-**^^^ 




tter IS moft" prevalent. The. volatile alkali has 
ip6r6 action on metals and metallic calces f nan the. 




.%t:3'ud>'i?r.'::i *cllfi ^viiii rioiHi cfjyiJ.iir.r^odij"! "io fioi^ 
.UmtTifV ' - * c J^' CHAP* 
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sTRtctftiftBor'jiSift^AiNs. ^^ 
\B^mtc?t4 parte lif the w^ f < 

^^_^ Q?J;caFatjt9^?, niacj^ by natiy-al' cwfeSa^ 01. hy 
vi^^ iyluftry.^f men^ h^^^ fcppe for.phf^^i- 

*^j?S! S^l^^^ ftri^ing marks of t^imfne^fe^.cj^a^g5^ 
Aat l^aye been produced by the chei3;iical a^ioriiof 
l(0ai(?§'9n each pther^ during a cowfe of.age&J^. 
, pijeceding . all hunaan record. It fcpns probalilf, o 
that, the loftieft rpountains, which ryn la cfcaHis 
through . the great continents^f and, , are compoftd 
,;ch^flv ^^^^^ were formed previous tpS^a 

exiftence of animals or vegetables on the eartfi* 
The ^farpe remark applies likewifp to mour|tainsQH , 
^ of Jimpftone, or marble of a granular texture, aqd js 
xounded on the eonuderation, that the renriaiixs of 
thol^ organize4 fubftances ar^ never found in them., 
Ooier mountains. ^ for the contrary reafoii, are evi- i 

TOation. Such as have \x\&vc 
" rata or hedsj feem to have ' 



^yanecv ot n 
and thrown 

la* MnvufionsoT nature/" Volcanos, or the crup*. ic, 
tioa of fubterraneous fir^, have alfb contributed 
greatly to change^ the internal conftrudion and 






L \ktcjh\ii'2Lppcif&ntt of the g^ lli^te 

is no country df climate where veftiges of tbcfe 

^ aWfoF"{)hettotTi(nii . are^'ridt plerimully to be ^met 







more ridges proceeSing from thence as a coattr: 



S«tata^ of Wva, and other Volcanic prodii&s, abound, 
in the vicinity, mdftiy beneat^the furfaccy ana 
aW regularly difpofed fo a^to point out the fource. 

M from which they formerly iflued. Riletallic todies' 
ate motUy found in the ftratified mountainsr.j Th^^ 
beds of thefe tnountiains being thrown up into an 
iri^lin^d pofitron, appear to have been worn down 
by the long-continued adion of the atmpfpHeric, ^ 
changes: fo that ftrata, which in lower -gi^oufids" 
are too deep for the miners to arrive at, arp her^ » 
rendered acceflible. n -. 

N Such metallic combinations as are found, in 

^nature are called ores. The metal is faid to be 

miheralbed by the fubftance that is combined with 

, It. It muft, however,' be obferved, as an excep** 
lion, that native metallic falts are not called pr^s»^ 

o The chief mineralizers arefulphur, aifenic, or^it^, 
add,' and fixed air. Metal's are alfo found .native,., 
or ^mcombiiied ; but iparingly. -.-r . 

V '^herc-arc entire "mountains wjiich" Confift o£ 
ifoa*fai^t"i other or^is form biit aji iifcbnfider^ble 

. pafl^of the mottntaiii in which t^ey "are fc^nd^,^ 
Some- ores rufi rariilei'to the ftohy ftrata,,tiioug;h;,,, 
vefy^^ frbhi haviiig' 'that fegi^larity of thickjrfefe,^. 



t . I. 









ir^ipns. ^ ' l^|ie laft: are :CfdIccl ycinv^^/^^n ^^ 

Icd^ its: mWx. Th^le jure • npt. pef^^wjly app^Ji^ " ' 
pmte^ to any. metal,- bjijt foctp^ ^b<?^»r%rc frtq- 
quentl^ a,ccornpa;iy . ratals fhan. c^^jjiirf .V^r .; ; : - r . ;i t' 

"t^fie art. of extra^mg.raetaUfrfira-^e^^.ijEb.tUd?^^ 
fjnair wav is called aflaying or ci&ying* The^jierm: '^'' 
^' alfo; applied \q .thci ieparation ftf^goW ftr.SlvfrV 
froxp Qther metals^ and procuring '-Aem 4tlw^4 1 f 
Qr^5, may be affayed cither by the di? orfiurpklj? 
niethod. In the dry. way the prpceft b condu<^dJ 
nearly in the fame method as when the metals aire ' ' 
extraftcd * in the large . fornaces, and, genen^Uy . 
fpieaking, difcovers litde more than the quamity pj^- 
the metal contained in the ore. In the moift way^ - 
by flcilful management, the quality arid quantity 
of all the ing'edients become known* •. 

The procefs by fire for obtaining metals from ;S 
thfcir ores in large qualities for comnierciaj pur^ : 
pofes,' is called fmelting- 

'^he operations for Separating metals froni orcs^t 
are' tritwation, and wafliing in a ftream of water, by; 
which the lighter parts are carried off, while the . 
heavier Tiibfide. This is^offervice when the me-- ' 



vitfiolic acid, or other volatile arid ufelcfs fubftapcefc,^ 
are^'dii&patecl.;, Fufion or fnqieiting , with fuA a. 
miTOir^ of eartns. or other matters as may laqiU* . 
tate tiie lame, by which the fuperflvoue part of , 

QL3 the 



fufficicddy thin to aU<M^. tfei SMt^^liap paaeficl^ff| 
. fubfidte t4.the bottooi df due fbrasK^r sn>n^g|i^e 

v ftate^ In ai&^ jpblogiffic matters^ a^ iof^ W 
fluxfngme npt^,, that dbe meul maj^ pbtaon^me 
ntccffa^^ of phlogiftoni tiic i^ l^'^f^ 

wjrks the fiiel gehenlly anfwers didt puipof^^ ^ ^ 

V It is obvious^ that the trituratioi^ waih,k)g.an4 
roaftingg are not in all cafes required j that 1$ 
foriK^ cafes the roafBng mxA precede the tritura* 
tiorii aad that the additions m the fmel^g 
recjuird an: attention to the fbj^fed or l^smnt 

w colit^nts of the ore required to be fufod. The pice- 
vious examination' of ores by the ;bIow-pipe, 

(134^ ^) ^^ i^Qr^ eipecially the hiixiud aii4y'^ 
ire of great feryice, by incficadrig the 'proper 
additions to be m^de in fnncltbg* / ! .^ *^ 1 

X 'In the humid way the ore is. finely ^pcwdctpd^ 
^nd diflbived in fuch a menftruum as Is adapted tp 
tkke iip either the whole oi- fbme of the 'parts con^ 
je6hired, or by blow-pipe experiment^ kn6wni't0 

r^ttfitito its compofidon. The- tiriaiflblved ir^fi- 
'diktrif any, is fubjcitied to trials byofhfer m(?ny^ 
ftrilumik i The parts involution may b^ iCepata^ 
By fbeias4djfi<«^<)f :prtdpitating niatter^, brty *va* 
pQ^ating the folvent to drynefs. The propertie&and 
wei^E^^the pfacipit^ter indicate lx>th-*C'^^ 
»f^q\tefti^6fdfidK"J5lto 




^1 ^ Q 



M^mIuc luDltanceS m xhtyr rcgmine lute nave y 
a pecimar brmiancy and opaci^ U/Oi zj Pro* 




moK ftrongiy.,; Opacity is a conlcquence ..of the 
feBc6Eion of light. White metals ^e, very opa^c. ^ 
Goia-leaff wKich is about f tlie 4T?r5Tr& part oT^an 
men micfc, tranlniits light cm a beautiful gre^i?,! 
but lilver-Iiaf, whicK is a6dut**the tts^-cts ofYan 
mcH thick; is' opake. ' Other rnetals have not been 
10 mudi extended, and whether any of t|iem ;yrfc - 
fuTceptible of it is not known. 



■^ it*' } 



.x;]Vld[t^.^etals> like all other 9uids; ^ffitmf:/* z 
iynjn»etrik4forn;i.in9o<^ng(i5ai ^^^ TMicryfij 
tg4^„fyr-e Jairger.thp flo^i^r^thp.tciuifitioii fromithSS 
asidtpL.th^ fol«J ftatej 4^4 tJie^peicifiiQglrtvitidi ^ 

bn£2:>:ii^- .: ■'. .^ ../.:/.-" .'-i-:^ ^-^'"I'M 







/• 



;i) 



Q 4 feme. 



^^i .■•/.' ,/oiM»f*MiW-*<ixaoit»aiw.v.-j 




^ tation or pounding, \v&. at the time orcongel^jya^^ » 
they hive theft a j^M^crjr.-or gcfnulaiir.forw^ . ^f^efe, 

'^{^'ck Mth'a hammer uTimedi4te]y.aria:c^(«r 

''riieht of tHeir internal p»:ts.. Lead a^ortls ai^bmIi- 
iijlemttanceof^is* . •. -..ists 

A ^'^'^Mptt ' metals will . unifoi*mly miic in 41 'PWp«{- 
Vioris^witK cack 6ther, and miy bp. alter^r^is 
Tcparated by procefles. founded oa the coftfi^rttf ion 
WdieiF various fufibility» folubilityiW diipoliawi 
to be calcined. . \ , . ; 

% •' liie ipecific gravities of thefe memllic ojmpQwd? 
Vftarcely ever fuch as would, be nMthjjm^iikf^llf 
•(3q<iuccd/r6m their ipccific ^^vitiqi of ;th? tWtftJs 
made ufe of, oti the fupgofitioq of ijbyek/jiw6\ite 
ty fim'ple contadt. . ' , >. .. wo> 

c - The flifibility of thefe conioounds is lifewriif 
foth in feveral inftances as would no? Jbse expti^M 
from' the^^ fusibility of the ingrecjfi?^^. ^^^ p^fti^^ 
kr,- a mixture of eight parts bifmuth, five Icsd^- ^d 

^ Iferee tin/ will rnelt'cvch in ^a^ heat l^iyer ?i^f>:^^ 
felRtiettt tbx:kuie' water to boUr " ,. • i^m e 

D ^^Tfifer portiott of "bafer or lefs ya^l^at)l^ paetj^l i^f^ 
&!Ai&fetf ^Wth #ild^oKfU^^ 15 calie^.a^^ 

; '^^tfi&1rt^|^^(etf^^^^ ^ ^aj{ ^ttte 

Sfce^ifiih^duringj^^^^^^ te'J£??r?-^!* 

portion of their pWoa^ fSffWes 

""^{'ttm' connipoiiTy acrid acidi; .The {5?|jfeft^qfi 
- ^ . mplybdena.. 

f « f <• ' ; t 







and its thin fufion favours its l^iBi^leifK^'^ij^* 



The calces of metals are nbt dfi^. daiMiil; oIt jt 
f te^fliSii^ijJiB^ftbri bjr tfte Va&,i,i- Mpiil ^ 

coal. Copper - in particplv is rdnVeltta^ifiittt^ 4 





. op b^Jii^ln. qepniofiutrci 
a metal cxpofed to tfe^a^Si;^'^^^^^* 




ib«« Kfti t^ «i^ i&^i^m^ ' 

iiPas;>M^it^wiii^fr^ teft^i^^i^'its «Si£ 

form 



«ttca£tian of liie (fifiodved c^ fo^ tiie pttle^i^ 
qT the niecal l#|fc4M "{ogttilff 9kh diir tttnc^ 
don of the acid for the calx of the latter, bt iHofb 

(144, b.) Thd (^d#?X«r'^thi» ^ieijpitatioM df 

meiakb^r eaoh othdr » the Ctttui ih ^ acidlj a 

<iMwyMlcfffii9illgh.^>feSff¥'^¥ t^ 3l»t^^ 

tii^^efiea^ -thafr" iSHbk- 6( thif aSidif'fdf d^ '^^^ 
& Thtr-ericc tar, 'zink, iron, niari^rie^, '-cob^* 

nic, ttiitaii^'Wri!ti'gpM, pla&«lV'^^ti«re-'?i¥^ 

<! f^i^»I^ l^'l&c-M wilKi^Wbifite^ irf)^,"6r all 

iMfe i^Mtfa' leikhr/ Bur-irnHfr df &of^' ' AW tf ^'^^ 

fiveip- ^- i^tphrir - £floIm' thtt« alT (^c^pt^- W 
^•Tda**e4feni"' "great! care Mig^iJi't^ «f tklif^*^^^ 
niilfb'^iblf^areom ores' wd),- pi^<m& '!& >£li^m: 
tMeai^/WltH sUk^^ne ffcnesr, artttis Mii^ur; t^gc^ 
with the alkali, forms thitf mef^^y'. iA^ik^ 
-f of ffir regalus- is- If tiiinedt; , " ' *' ' ^ ., 

N -'The- imperial metals^ ^eafein^ bfd66'ii^ 




.•;-pi:u: ,n>d-:y:-i ..i:il^jrli -niliiOii \d :;liw 

C ri A P. 
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; jLx.- 



iib.babivciq .fx^.^iiT: is:: c tic noijibbe sdi \6 rmol 

F methods, they 'rn*7 j^ j^f^J^^ed,^ ^ 
7Ut the adc&Qoa of any <>^^£li^^ 

^vity,:tba- aqy -Q^, :cxcei>t:^^^^ 
li^e^y IbltiUe in aqua itgiar (197,' v), aiifiljl^ 
^?pi^o^^qi|wi marinc«q4 attd'prtcipit^?:%M' v. 
t^r^Jn its.ni^licfom^ by the folutioi^ ofVi^i^ 
fl^ujpinV ' Yiixiolicacid, diftiUcd fronr iif^jgn^fe 
aife flidTolres it. ...U has- ail die ;*iciSiilU:f.<i^m6^ 

Gold is moMy, if not ?lW4ys^ . %md . in> ifSjf}f%, ^ 
tailic fiate. , Some , faads ^SoxA »M, m 4ff«|fle ^ 
wamingv die ^feavy metallic .Betides. fobfiduMt 

~" Culver "^ ""^'^" --^1 — ^.„^ _x» 
:ht ot 



"■■y I ! p, 



WoT^. I^MS-MMii^^ n*^^ "-^^ 




may oe leparatecr by 
wile by hedtu^g the iaad red-hot^ and (^uedehiag 

, in 

^ A H ::> 



^6 T£STING 0|t ^CI'SPLLATIOK. 

iR Tii^tcr feveral tifthcs, for the purpore of cracking 
aji^^4tvi4ing hyiBnd then Hict^ingthe whole intri^ 
glftfe' "wth- twice viiiwdght; oE^iti^ -calx <yf%ead>'^ 
Cdlkdi lithat^i Charcoal beirig ^aMed, ' ' i^viviS^ 
thc-iithiurge into lead, which TubfiHi^s to^e'^bioftSi^^^^ 
cafiying the gbid ii^ith'it. If the leid, flius IFj^a-?*^ 
rtfied fi!om the i^fiiftd; ht again converted mtdE-^' 

, th^i^ hj^ raieiMCioi^, .the gold wHI rem^ Ife^v' 
p*ratet:atthe bott0m of the tell (136, x), ' ;^\*'' 

It Thislaft: operation, called tefting, or cuptfia^'^ 
jtion t when performed in *thc fmall way, ' is 'dik 6t 
tJhftteftwiefhoda of feparating tjie .impcrfe^ 'frortl( 
thist pcrfefl: -metals. The rpafs of'tifietals to 1^' 

^ ciiJWlledis.put, t^ef;her with leac^, into a fma'H ;^ 
OmiUow crucible of. burned bon^s, caiileci a ciip^l^*'^ 
an4i\ifcd widx^ confiderable heat, wirfi - afccefe^ ^^ 
3^in The lead continually vi^-ifies^ atid 'carriei;^ 
ill the irpperfeft mei^ls-witi^ \u- jfcfovvlhhaf^ 
prpfJ^qcd iat;h<f fmall way, bcpuCj itegUfiof Ibd^ " 
\% i^ibad by the ptoroua cupeL .. During jthp- cd|rilMUii 
latjon^ ^hp fcoriae* running, dowo, ojiiall .fides .from' t. 
the; metallic rnafs,^prodiK:e an -appeiwance ciaileii^'^ 

^ drcplatiop^ by which the operatorjiKlges.thkt^ti:i? 
pn^ef? is goii^.on well* ■When-thcinetalisaiear-^^^' 
ly ^^; certain rainbow, cobur? .flafli iu^fti ^i> 
lurffC^, , which Xoon ^fter appears very teifl 
cjean,*,^ ^Thisjs.calted, the, t«-ighteaingv^a»d- IflitWi-^^^ 
that.th5^ 9upeUia,(3pa.i^)ejid«dr -} / -^ •/. .^ 1 roqu 
s Jf jher !cupellfcd :^mais » cbet^in iiiftfetd^old^ thaiir ^'^ 
filver^ ^c gold ,miy ;br diffdlved: b)^^^ 
and .th»^frivc^'Will remain i4 a piyirdei^: fof m .^ \iif .^ ^ 
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the nlver pr^taifi pure nifrouisj ^acid wilr dlBblVltP 
rt,-a;id-'icaye the, 4gc5jd» . ^ It is found: inofta<iviiiU>. 
fagepuito juitd piire iiltF>' tf :^cquimd, to' fhake^ 
fte ^rof)oj:tion of tl^isTnctal to tihtogold as dfrcd^ 
to one. FSr 4n * this eafe* the- qijiafefcity -of filverf 
I? ©ot.-fo-^ fmaU as to be jptdteflxd • bj ther^oid J 
from tfeje 4i<5iba of'the menfthi^nru hor thetg^ 
fo fmall as -to fall info powder,, irfwri dcfettcdtffj 
thq ^ Ver. ' jK?fe proceffes-are-caUed: pamngv * T v ^ 

if platiiia Jbp,,liiOTo|ed .to *bic-ni^^ wkbviheur 
g9][d<^;;bpth,ma7 bd(nirolye4 in aqmattregb^^aiidaiho* • 
gold will he precipitated aloire o*tte; addition of ^ 
xnattial vitriol, v No other motaliis^^preoipitablii ^ 
irwaats iblyewjt by martial-wiiribl but^ldT' vTHe^"^ 
iran of Jitie^ yicrial %M$ u&dtbectnnes w(xei/$^0^^^ 
gittjcated tbajd before* . - . « 1 : i * • ^ ^ 

^heprcapkaife of gokf^from itslfolveiit by'ar;% 
Voladic^a&ilft' or ^bf a 8xed zlkitiy if the volatile ^. 
alk^be ^pre^^t- In thelfteAftrwim (192, Vy, iSi ^'^ 
a woiiderfolp6wer of detonating, widi a moderdtfi" 
he4t,.tlie goM bang thus-* revived. The force of /" 
thifi €xplofioiy;isiiiot & gwat as that 6fgiinpb\\dej^*' ' 
if a. jiidgniefst' may be^-'formed by- b^B^hihg'tt itt^*^ 
clc^ mctalliaivdff<*r boj iytiM^rh gredt^r, if ^^ X' 
temionbe paadtoithe^-pqadigidl^- ttOif€? it ttiakdsi^'-^; 
and ti^rlaijagit^niofttl^ m^tsHiik pMc^k is burnfij'^^ 
upon . Tbefe contrary cpaiQluftdni' iftby be recoh^ ^ ^ / 
cile(^f)eit}]ic^xty fej?pQft£^ihe4bme iofi aqnim^^ Ail-^ 

min3f\sJff|.j^^i>^jhaJb\qC;8P^ ^-*^t. *» ^''^'^ 

vel^jpi^ ,.o|; f^^^gfi^^ £reatgjx;3^ t[he.beginnin^ pi:.^ 

'or (jtfterwifei by fuppofing its force to be greater, 
^•' but 
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hocmetiil* tbe powder !• decoropofed%l^'ilitl^K^ 
fibftis> thaf the calx 9£^;g^^iiiii:jri:«Brtaaii}]i9ag 
^ aW i%ftf»ti^,»fl«"WR^ fW4 felW. .ar.iMs 

'Jlor7wi».cJii^r4iffd(miioji^'rcgi^ /or uPiMh 
J|i^ib«dt^i»t »lblutktt of:goU,~p»i%iiciies4he 
^fl^ k,(tb« 6kGtt> of a beautSiil piuplr^MiitdKit, 
f^l<^^ "^uifS^ powdsr of Coffius, nbidyr iici^ 

vsavfine tinge .; ta> gMiL 

.poander,iaiid tiicf|Rt>ou^ 

$^,^^4l£i«v>i!ttby.ccdoured ^la£i»:;rec[«itecpedlii'. 

(^^^)^> twr kit' to ari»p^t«te> by ^sii^ififi^ 

dent fp'trit, wise, or via^ar> xoiaglc^viiSSdt^fy 
tUhdoifohAioibciaf {gidd* 'Add lipMraoe iii^iliQe. 
^aFli^tfnft]^ fdu% g^ ftpm ait adminurt^cd 
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'f?Jfi||^\^i)^l9qmo^^^ . u ii^fa'^oq axil Je33m jod 

ji»ilcdp^lU3^c]Q£'a ii^hk^ iron. Tk^flb- 

ijU/fib j^>i& bor.rep^aiQdljuJDbiiiid ^itv ffiAWHd^ nM^^ 

^1P^ .#$^r^<»lf!^iP&i3N4|a; lii^iiiMed^ofis /die ^adduksn 

.3{ilil«^acdBm ;|tuififiB^,id% much- dte^ke*vli^ a 
JUver. Its c^/9jw i/tn9it 4ilill0»tl)N)iP iStomtfilMr' 

3«J1§_ ***** 





,Bttic*<i6uchi khd obcificnr » a itrbng magwt^ir^ 
• It is foluble only in aqua regia, or the dephld*-' 
glycated mariM icidi and U riot adcd^on by' 
Ittlphar. . Mcrttii^^oesr hot ififibhre it. It with-? 
fbnds cupellation. 

q : Platiitii johitfes wfth . moft of die other metals^ fo 
ajj.tQ cprnpofe a uniform compound... -. • *• ^^ 

D / Silyfer b the.whitcft of all 'metals, foluble in^ 
Utodcratcly dilute^ nitrous :acid, and in the vitridic ^ 
acid by the aillftance of heat, but not dirediy {»•' 
tile miu*ine acid, nor 'aqiiia> regia. It is precipitable ^ 
ffQmMeithcr of the firft mentioned acids by the - 

/. addition of marine, acid, which combines widi ita*' 
c^,. and forms the infoluble compound called-^ 
luna cornea. Its malleability, compared wit'h- 
tftat or^old/(23i, y), is nearly in proportidnr to 
i|sri5«^fic gravity. .' . ' : '^ -t*--: 

^ r. Native filv?r. is found in., a. great yarietjf ttP; 
f^frtfe I and imbedded in various .earths, r'. Some^^of i 
t^e, maffes have been found of the weight ol* iikty " 
poXjn^s. -The grcatdLquantity of kRis metai cbtnW* 
from Peril. * ' *« 

fc . XhRi6i:es;of fflver are very niirherousi Sul|Auf, 
arfe^ic,: .marine acidi coat, iron, copper, aiiti*-' 
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nriiMi'ii 1 fiiifrif ■• wdfT tho Dime ^ ^ * 
Arnalisk 

to 4 fi)ihitioa of ^ytt-i^ tJie filler fai[l$ down in cbppi^ 
iiuia^pQi with ix^tte tljaa kl weigiit pf i^e manpe ^ 

loir ^.iicftt,. ^^d if caft 'mtP thin pla£ei^ ^ . ,^ _^ 
tqf|^4>tf eQt» . 9Qd. flexible like fiom^^ 

ajsii^qe. its iiame Juna cornea- If carcfuily pref 
f|^<^.|t: jwpvcs clear, aod is ri^pofed/to fevf ' 
«v:^n^/jfc to.tli^ notion oiT. m4lea&le giaft. " A' ' 
W0^ Jwax. dpc« no? expej (iic ^\% but me wKoTc ', 
^^'^J^fSfi^^^^ pfes in fumes, of pafl3&V tHrW^ft^^ 
the pores of the veflTel. As the m^iileacij;! throws' ' 
dfj^jqo^ #y«^, ,1«4,; and mircir^-aiid- ^- 
^ff^f.^^ o(M.^ APt prei*?nt iiifilvcf that^|« ., 

itroocfs, ^« filyer wfiich may be ifevjved , ^orn^ 




nagement it required in order that the reduo 
ttoa may take pl4(;e, befo|-e the.YQ}atiliz^tipn comes 



040, SILVER* 

on, which, in the ufual method of itduftioif, 
would caufe a confiderable part of the* filver to 
be loft. 

K The property of fonning a- kina coritea^ or 
fcarcely foluble compotuid, with marine acid, af- 
fords a good teft for detefting the prcfence of 
foiall quanddes of that acid, pr unmetallic fait 
containing it, in waters. For by dropping the £^1 
lution of filver in nitrous acid into fuch water^, 
a cloud, of a curd-like appearance, will be imr*' 
mediately formed by the combination of the c^lx 

L of filver with the marine acid, if prefent. Tiiis 
property alfo affords a method of purifying the 
nitrous acid ( 1 84, o). ** • ' 

M ^ Silver is not corroded by the aftion of die 
atmofphere ; but is very apt fo tamiih and gto* 
black by expofure to phlogiftic vapors. ^ 

N ' Sulphur, and alfo the liver of fialphuri^ difiblVe 
filver in the dry way. 

o Pure volatile alkali diffolves the calx of filveri 
and the folution will afford cryftals. 

p Pure filver, like pure gold, is too foft to bt 
ufed for ordinary purpofes without alloy. Mn the 
Britifli coinage fifteen pafts of filver ar€ alloyed 
with QDjc of copper. '\ 
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Chap, xviil 
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bif rUM. IMPERJEECT METALS; ME^^CURVi WAD^ 

COPPER^ IRONj AND TIN. 

ERCURY or quickfilver is a metal of a. 

^a bluilh. white colour, not fufeeptible of 
tuft, or t^rnifhi^ by expofure to the air. Its full- 
bility is. fo great, that it becomes fluid long be- 
. fore ice melts ; and its volatih'ty is fuch, that 
it i3^4rivea off by aftual ebullition, • at a tempera- 
ture ;(ia7, r) which the greater part of the other 
metalj, fuftain^ without melting. In its folid ftate 
^ is^ ipalleable. Its Ipecific gravity (i7> w) is 
greater .th^, any of the other metals, platinkj, 
^pWi.ahd ;wolfr^m excepted. By a- heat, nearly 
fufficient to caufe it to rife quickly in the vaporous 
• Cornji.. i% is calcined,- provided the accefs pf at-^ 
mofphei^ical ,or pure air be allowed^ This calx, i 
jlpaprpperly called piecipitate per fe, is of a red 
color j and, refumes its metallic form by mere in- 
cj^ie of he^t, aj the fame time that it gives out 
pure or dephlogifticated air* 

., Native i;ncreury i^ frequently found, but per^, s 
]^f^ never free from metallic alloys It is alfo 
found mineralized, in the form of precipitate 
per ,fir, of combined with the vitriolic or marine 
ncids, or with fulphur. This laft is called cinna- t 
Jbar. It is of various colours, from a yellowilh to 
^i4 M :: S. 2 a deep 
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a deep red, and is very ponderous/. In dofe 
veffcls it fublimes without any other alteiration 
than being dejaivcd of its in^puritiesi in open 

V Veffels, with fufficient heat, it is decompofed. The 
ffi^ciJiry is obtained from k by dxttil^ODy with 
tlie addition of fome fubfbance that will combinp 
with, and detain the fulphur ; for which purpofe 
iron, in finall pieces, is commonly nfiadeufeof. But if 
calcareous earth be mixed with or abound in the ore, 

V bo Other addition is rcquifitfe. The paint caUed 
Vermillion, is 'an iutificial crrinabar, produced by 
combining mercury with -fulphur by trituration 
and fublimation. One hundred parts ofcimi^ar 
fjqntain eighty of mercury, and twenty of fulphur. 

w Mercury i judged to be pure wlien 4t is per- 
k£i]f fltud, and runs in neat globules, withoxic 
any pellicle on its furface, ^ without foiling a 
funnel of clean white paper, through which it ma^j 
be poured by a very fmall aperture at bottom. If 
It leaVeS nothing behind ifter evaporation, m 

X purity may be ftill more depended on. For pur- 
pdfes where tht utmoft purity is required, the 
mercury mjsiy be triturated with -flowers of ^rimr, 
frone, till it d,Tfappears> by uniting with that fud^^ 
fltance in the form pf ^ Mack powder* chilled. 
ethiQp^ : mineral ; with this m^. ■ ,bc mixed fffi^ 
.thae (jwanat)r of qpfckiime, pr. ;fili^|;» of iit^, j^of^ 
«he;w^6ie>ein^ Cy%utted m:^ii|i^tipp^'#C^ 
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^he concentrated vitriolic aci^, by boUing, v 
cbmbineji with ixicrcury lAtQ 9 white m^, wbk^^ * 
by the affufion qfa fufficient cjuaixttty 0fhot water^ 
becomes of a citron colour* It 13 fca^gely i^t 4l* 
folubte in water^ and i^ known in n^4icine b/ 
the name of turhith mineraL 

Nitrous acid diflblves mercury very readi|y> and ^ 
affords/ by cryftallization^ a fait called mercurial 
nitre. If this C^ty which is white^ be e:kpofcd to 
iheat, it becomes yellow^ then or^ngo coloured^ 
idnd^ laftlyj red^ in which ftate it is found not to 
differ from precipitate per fe (043, a. i8a, G.) 

Vitriolic acid, added to a folution of opieifcury a^ 
in the nitrous acid, feizes the n(ietaUic c^, and 
f4H to the bottom; forming the 6mc com^^ 
bination as' would have been produce^ by the 
diitd folution of mercury in rf^c yicrioUc scl4 
iz4Si" y)- Th^ affufion of warm water coftv«fis 
ft into turbith niineraU 

The common imarine acid docs not ^ITQivf a 
mercury, though it readily unites with it when fij||- 
ciently talcined by other means, Thi*s,. ^en - 
merciiry is deprived of part of its pfalogifton br 
fiftirous! acid, in ^hich it is diflblved, the marine 
^id being lidded; immediately feizes thecals, and 
feMs a fkit' of difficult folubility, which fajlf to , 
tiife bottom; It is obfcrvable, in diffplving mer- c 
ciity in the 'nitrous acid, that the folution at thp 
b^gihhing^'ls attended with the efcape of nitrous 
ti(P(nj^ic); but that the mercury continues to be 
diflblved after die cmiflion of air has ceafed. The 
^^^^ R 3 latter 
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ktter portion is therefore taken up In its metallio 
^.ftate. if the nrvarine. acid be added to a folutio^ 
of.no greater quantity of nnercurjF in nittrouj^^Gid,, 
than could be diflolved with efFervefcence, . the 
precipitate will be a f^^lt of fparing folubility in 
water, and highly coirofivcj known by the nannc 
E of cprrofive fublimate. But if the nitrous aci3 
be loaded with as much mercury as it can take 
up, and marine acid be added, the precipitate 
will be mild, and fcarcely at all foluble in water, 
and is then called mercurius dulcis, or, calomel. 
F Corrofive fublitnatc has always, till lately,, been 
made by fublimation. This is eifefted by a va- 
riety of methods, all which tend to combine^ the 
marine acid with- the calx of mercury. If die 
. white faline mafs, produced by combining the 
vitriolic acid with mercury (245, y), be tritu- 
rated with an equal weight of fea-falt, and ex^ 
pofed to heat in a cucurbit ^(129, x) thevitriofic 
acid quits the calx' of mercury to combine with 
the alkali of the lalt, while the marine acid thus 
difengaged- unites with the mercurial calx, and 
forips the corrofive fait required. This is fub? 
limed by the heat, in a white mafs, cryftaliized in 
the form of needles, 

a Corrofive fublimafe, triturated with n;ter^i^rv, 
abforbs or unites with a quantity about two*^jrds 
X3f ' its own weight. ^ Sublitnation renders the union 
more perfcft, and affbards the mercurius <l^cis of 

the fhops, ^ ' , ,. \, . . 

The 
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•. The dfephlogiflicated marine acid dircftly at- h 
tacks mercxiry, depriving it of the requtike pof- 
tion of phlogifton, and xinitihg with its calx into r 
' ^prrofir^ fublimate. 

Mercury combines with almoft all metallic fub- i 
ftances; and communicates to them more or lefs 
of its fufibility. When thefe metallic mixtures 
contain enough of mercury to render them foft in 
a mean temperature, they are called amalgams. 

Ledd is a white metal* of a con(iderably blue k 
tinge, not fubjed to be much corroded by ex- 
pofure to air or water, though the brightnefs of 
its furface, when <:ut or fcraped, foon goes off. 
It is very foft and flexible j not very tenacious, 
and.confequendy incapable of being drawn into 
fin^ wire. - Under the hammer it is eafily ex- 
tended into thin plates, but it§ properties have 
4K)t induced workmen to fubjeft it to the fame 
trials as gold, filver, and copper, and there- 
fore its comparative malleability is not known. 
Its Ipecific gravity is confiderable. On tlie fire 
it melts lorfg before ignition, at about the 540th 
degree of Fahrenheit's thermonrieter, at which' pe- 
riod it begins to be calcined, if refpirable air be 
prefent. . In d ftron^ red 'heat it boils' and eitiits 
fumes. If melted lead be poiifed i/ito a bbbc, 

'previo\ifl^''ifiibbai with chalk, to preirent idhe- 
fibn, and'^<^t?i««UUyv agitated,' it will a)ncafcte. 

"intb {Jip^m^^p^my ofi oonfiderabilevufc in -a Va- 

': rfety '^ iiW^a3hfeal%€ras}ons \ 'w if it: be poured 
into a mould,' and turned out at the inftant'^oC 

^^i i * R 4 coolingj 



t^' 'J^.or^s of lead arc mpft c^mtMnly dHM 
' aii^iis eaitha bf the cftlc^ttpus i^r poDdev^yw lUfed. 
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Calci;pr,m lead^ones are eH^er tn|nfp«rdl|it or »pih> 
ijparB,^ or pulyerulctt^ or pcbrco\» liM^ «f i% 
" rcddifli oir brov?n colour. They arc mituci)))t kf 
fu^n with phlogiflic matters* Load it ilfod^iind 
min^ralia^d by thf vitridiic acidj fonBiQg n whi(e 
pon4eroy8 faltj foluble in water. Likewiiip c^ivu* 
bined with the pholphoric acid of a ^greetiiib to^ 
lour. Sulphur U die ufual mineraji^r tif ^Mi*^ 
C^Fptheie th^ galena, or potters lead ^re, «i th* 
tnoft common. It is of a lead ctolourj h^l d^kfr^ 
and is for .th^ei moft part f^rnxd in cubita of:ii 
moderate fize> or grains of a cubical figiK^i UnMi 
the corners, cut offi its texture bctng graiAiitr* 
\^hqi) 'antimony enters into the cgmpofitionj tho 
texture is radiated or filamentous^ Th^sr^ ar6 
alfc^ ^yritqus.and red arifenical jieadf::or<^9i b^ thd 
latter Ts very fcyce* The fulphureoi|ft fe«l4*0?*« 
VdqtW filver* It is pot, indubitably fft^bUftfc^ 
tj^at native 'lea4 has ever been foutid* i ^ , r i :i; 
U^ By calcin^tio^. lead is copvcrtcA intfi;jl-4u(hjr 
bowaer called j)tunapi|m uftum j a J<^1N^ t«l% 
linuecl heat, ^ wit^ ^qceJ^of ^jr, J»^^::it -lii^fept^ 
H^^;'; W ,da35?,> 9f, 9.^{tgl« 1P«4 



denMlf ^ftgSre^ it run* ihtd # ye&dw tfttif^^ 
rent glafs, which powcrfiillf dlffohres ttnetidlie 
'Tts^ks'^ii^ikjt tnd litolefs combined vmh thefi^ 
^ ^bdKhf *adidanlk^ cdrrodes thi: paflb tfirotigh 
'iWArDbn cfucibles. This glafi afts mbtt fltbngu 
Jy to filkeblis than on argillaceoti^ earths^ and Is 
\4 ^TH^ipa! iftgre^cftt in fine white glafi. 
•-: i-Vknolic acid, by boiling, combines ^idi lead i( 
kltd iftlinema& Nitrous tinitfes with it into a 
trylblliz^te fait. This vitriolic acid, added to -a 
£)lution of lead in the nitrous acid, ftizes thecals, 
ftnd falls to the bottom^ forming the fkme com- 
"f^nd as would have been produced by dircft fb- 
hMhn of lead. The ttiarine acid in the fame nian- 
^wkt cairies down the lead, and forms a combina** 
f idfi called plumbum corheum, which is more 
fbluble in water than luna cornea (241, k)« 
' The marine acid afts direftly on lead, by o 
boiling. ^ . 

The acetous acid diflcdves lead and its calces, p 
White lead, or terufe, is made by rolling leaden 
placdsCfSrally up, fo as to leave the Ipace of ap 
inch between each coil, arid placing them vertically 
life^hen pbtS, at the bottom of which Ts lomp 
-g9t)d tie^^.^ The pot* ire' to be covered an(^ 
ie*¥iafed'f(*4>laigdi of tim^ 3t gende heatjn^^ 




. 6£the'fl^, -im'toitddtfiiiiM" by iliat' mVanl 
iemHa^ thilfa fiita iithift; "W^icli comes oifir' ' 1^ 
•//oa-jv , flakes 
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4^ C0HBiif4TI0M or iiAb; 

SakxM when die lead is ^uncoiled. .The pUies a» 
thus, seated fjepeatedly^ till they: ve coiroded 
throng^. 

<^ The acid in ceruie is fuperiaturated. By iblu-* 
tion of this compound in acetous acid^ a c^yibd-r 
Ii2sai4e falt^ called iugar of lead> is ^ obtained^ 
which is the fame as woujd with Icfs facility have 
been procured by diffqlvijig lead dircdUy ia tha? 
acid, 

n Sidpbvr readily combines ' with lead, by the 
iJIiftancc of heatj and fprins a cpijipaundji fimilar 
tQ the fulphureous lead ore. ' 

s Oils and fats have a flrong adion on lead, and 
,i;s calces. Litharge, or any of the other "calces 
of lead arc copioufly and entirely folublc in. oils 
by boiling, which are thereby rendered thicker^! 
jjnd more drying. . Linfeed oil, thus impregnate^ 
with lithargCj, is niuch ufed by painters, . under 
the name of drying oil. Many of the plafters ufed 
in forgery have for their bafis oil thickcQed bj 
boiling whh calx of lead;. . . 

T Lead in its metallic ftate unites with moft 
^ ipetals. It may be feparateiJ from copper by 
;^cUquation, or melting by a heat ^oo low to fute - 
the copper. It altogether rej efts iron. 

v.^^f^Q^per is a metal of a peculiar r^ddifti brown 
,^9pV?^^ fubje<5t to tarnifli; it grows black by long 
.j(f:y;pplurq to.the ai^i, ^nd,eafily ruftsby rnoiftur.e. 
i^Ix j^ pf Y^ry confiderjible hardnefsy tenacity, duc-> 
j^li|y,y/ai?d malleability : and its elafticity isgrpate^^ 
,^ii2Ui tliat of Any. metal," except iron. ' From* tbll^ 



jaft property, mai&s of thi^ niml eHiIfaloilSaMHd 
Jafting found when ftruck, artdthat, triore efpiedi- 
My, when of-« proper figure (68. w). At it ^ ▼ 
^ee of heat, far below ignipoh, the furface ^of a' 
piece of polifhisd copper becomes covered witHi 
variou* ranges of prifnfiatic colours, the red Af 
jeach order being neareft the end which has been ,- 
moft heated 5 an cffedt, which muft doubtlels be 
.attributed to calcination, the ftratum of. calx bo- 
iiTg thickeft where the heat has been greateft, and 
- gradually thinner and thinner towards the- colder 
part(i, 280). A greater degree of heat calcines 
this metal more rapidly, fo that it contrafts thin . 
powdery fcales on its furface, which may be eajQly 
rubbed off, the flame of the fuel becoming at 
the fame time of a beautiful green of bluifh cOr 
lour. In a ftrong white heat, greater than is necef- w 
fary to melt gold or filver, it melts and exhibits a , 
bluifh green colour. ..'''■ 

Copper is fometimes found native. Its ores are x 
either calciforni, of a red, blue, or green colouri or •. 
fulphureous, with more or lefs of iron, arfcnic, or 
zink. It is alfo found mineralized by the vitriolic 
or marine acids (178, w). Copper is cxtra6ted _ 
from its ores by repeated fufions and roafting, by 
which the fulphur is driveh off, and the'bafer" 
metals fcorified. Lead is an ufeful additioti for 
depriving it of die laft portion^ of fulphiir. SiKrir 
is extradled.from copper by diquation.(450,t) 
with lead, which, carries tKe mvei" dov/ti w}th it, 
•This procefs" cannot lioweVer' fcfpar^te gold frtwu 
» ' copper. 



zing .the ifiilphtaraicd copper, -&l|ilu^ being $4cied 
J jAjfei{iui«d^ and. grinding the midSrith txiercuiy^ 

jvioeh mulgttnttes idth the goM (235, O* ' 
Y '.¥imobc add> Itighfy coneentratsed atu{ boilings 

dfSfaivu cdjp]Mr> arid by araponmon affords bh^. 

ijqtfbU^'(l7&yV) of vitriokted coppcfc By 

muAifmaSDXXk of capper with ililphur, part of the 

•Mfr becomes foluble in water, and affords the 

£unliL£rft* 

z V Niciouaacid4ifiQlvea copper widi great vialef}ce> 
loidibfina a^ddiqucfcent fait The folution 13 gre«Fa> 
tt aim al& the cryftala. Thia fiJt dried and placed 
in a hcatt not much greater i&aii the haxid can bear, 
takea fire. 

j^ /Ma&ie acid likewife dtffi>Ivea this ntietal, and 
forms a deliquefcent fait, which takea fire from i 

t omUe, aad biBUjs with a blue flame* 

1 3F«p(|}gm is nrutde by Ratifying coppo* plat^ 
K^ hA^fks of grapa afcet die jiuice h93 been pnef- 
ied out, the remaining acid forming this AibftahccF^ 

c^bj^4orr«idiiig t^ metal. .Verdigris diflblved in 
diidMM ^in^ir becomes completely faturated m^^' 
a^'^^SsAul^^wkeja ) etyfta&ized, is improperly t:aUi^*^ 
iMiS^^rdlgllfc •'- '" -• • —- ^-' 

s laJEi§^n«m}«^MP4ny :|lA(irmediite^ fid^f&noil''' tW 




ilod'i . When 



^|4(iitioii of van aiktixp kk greater quaMitjr xkm'^ 
fu^ient for the purpofej the alkali diOolves' pMfc 
^ llie calXi smd gives the liqudrH blue Gotour* : ^ 

Cavftic ypItlUe alkali liiffiilvef toj^^ if ^ g 
accefs pf re^irabk air ^ jieroftMled^ The fttob 
um is ((^ aiae bliae^ aad ,yi6kl$i aa^^aporatk&a^ v 
faline imfs of -the Qmc colqw. U is ob&rvibk 
^hat the alkalis liq«ud fremaiM c^ondelb vidpMl 
the air i$ prevented &oa coGPtnmkmng mihM 
furface* but that the bjiue <6km tttttids graHwInliy 
from die fitufaoe doivmwanisj when the )i^e(fttl :d 
}i^W^ A .circMn^Mh^e i¥ett eKp&OMd tbcoii^ ihe : 
p^des^n nbat the 4^r afti^ '^ ^ ittfnwKliiiai 
10 casing off .that por<fiion of ^«§ifiionii ^sbick 
it ia. ncjoeH^y 12^ C6|P^ ihottld iok ia ^>raitoiKi 
become fblttbk. 1 : * u>^ 

t NeW£raliialt% md ^HJS^ oiila^apd £tt.TufafbMes, « 
l^yer^i^coJififjkrsdbleaStiono^ ^nolt 

Co|tper mixes ;^h ^ ^^cm^tAki . T^faih i 
co^p^fitt^il^/ni^geaio^^ a 

pqr ^inf^^; <fS, !the> frloi^ip^lilpMf^ i :jite bttft Itai 

tjie iidiJc greatly abounds it is :vJ^r>#fi8ftiAfc 
fueUe, and Ic^ubjf^t^feflri^f^^ 



^ 



Thde prdpcjties^. ddded tb the beauQrpf fe co-^ 
low, < render it a iwy valuiibkS ixtotcrial in th<i 
arcs; •.» i ■ \ , ' " 

L The.iineft bfafs i^ not itiade by thff fuBoi^-^ * 
copper and zmk, but hy the cementacion of^ gra- 
milfttcd t-opper with pulverized caliitiine and char* 
coaE .-The c^oiioe, whicJh is ^i oi^e cemaining 
ziok in a calcined 'ftate, pai^s with it^ zkik in the 
Ibrhn of- vapour when revived by the - cbarcoali 
and this volatile iemi-noeud ccmftbiiies ^ith th€ 
copper. The proce& lafb eight or ^n hoursy Bi 
e^en ibme days, according to the e^^ty of ibi 
calamine, at the end of which, by on incfeafe pf 
heat for a ibort time^ the brafs 4$ fuied into *a maft 
at the bottom of the crucible. The (|uaQtil^ of 
5Snk in good fcrafs, nrwqr be about one diird# ;^ \ 

M 'Bell-metal is compoled of copper aitoy^d wi^ 

% tin. • According to the proportion (^ tin the coin'^ 
poiind becomes paler than copper, and when thai 

^ tm amounts to cMie third of the mafs^ it becomes- 
of a^vcry beatitiftil yellowifh white* ' h is reaiAFk--: 
dble:that zink, whfch is fcarcdy at ill rftalleabki; 
&otiid unite with copper into the malleable €oq$t 

*' ffotrnd brafsj and on the contrary, the vko tnsU^ 
abte' metals, tiii and copper, conapofe bBll*»Bfteltfife 
wfvich is fo brittle, that it may be reduttd tt>pQW* 
den ' -The fpecific gravity of bell-met^ b.a cift 
i^mftartce equally fingularjfor' innacft-prop^fr 
tidhs' xjf the mixture it is about : as „ heavy M 'ih<; 
heavieflr of the two metals, copper ; and when thd 
tin is about one third, atsdenfityia aftually greater 

than 



r r. 



ihan that of^dbppcr*.* The etootoe haiAiefs ttidi . 
fonoroufnefi of thh compottnd^ together with kp^ 
being Itfs^ fobjcfli to * alter by cxpofurc. to tfic- 
Viciffitudes of the air^ than any other: cheiqpr rnetd'- 
lie coiiipound poflelling the fame [iropettics, faavtr* 
recomnicndcd it in^the fabrication* of varioua 
utehfils and articles; as^ cannon^ hdts, ftatues, &c« 
in the con^ofition of which> other tnctak^ howevir^ 
ate nrnxed in various proportionsj according to ihe4 
fancy or the experienced^ the artift« 
• 'The attenrion of the philoibpher is more pam h 
tieularly direfted to dxc mixture of copper and: 
tJtt, on account of its being the fubftance of which 
the fpeculunw of rcflefting' tdefeopes are madct. ' 
For this ptirpofe there k*required a 'metal capable 
of an exqtiifke polifhr^- hard enough to receive and^ 
retain a^figure accuratcly-fuitcd to the regular re* - 
fieAtbn of light, and not futgcft to lofe its p6liih or 
figure by^ the ^dkion of air and the vapours ufuatty 
floating ther^n. «Such a compofition, it muft hi: 
conSSHkdy bftill a defidcratumj but the eaiperimcfitsr 
and praftice of the beft artifb fhcw, that *piire 
copper alloyed wkh pure tin, afibrds a metal equal 
at leaft, if not fuperior, to any of the le(s fimple 
niktiires given- in books* * As to the pnopdrtiol^^ 
It 'iff found that a fmall addition of tin rendent the 
eot&iir.ofci^]^>Gr white, and at the iametinoe hardens 
it€i4iisSkicvihScf. . Thefe effects. are. more and l^n^M 
pfi^vafen^'^whUeixbe* dofe ofitin increafes as far^^a^.i^ 

. r 
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^ . ummm imu^ jmv. 

jHB.^ftuods of jflDDDCtw ift^ Afiod OQamofitum &r 

« JBilFW*. : P^ *W part da jwj^inw 4r vtwRf 

Jacaeaifld^ a QAu-WMOl iu «a bluifli wlutie. ^ttilttttr 
isA-fiaW^ ^t:<l«>e»:!P9t :fcW»;^ni fl^ iCllj,}!^ 

^iiiitd in ffftiqg g^igror^ tlwi: ihtSf 9vs§ yoR jui^ 

;y«fi?9i «b9fGp3j, «|k1 the up^ ■^texwax^ li^i^i 
mA ^n .tlpe,,i3a«urc js . ixifiifAefe^g ^wMf 
-4iifft>be iw^siqi ))9.coiotl» «ewlF^«RBfiE^nf!>wlM' 
,ikm>i^4« ppurcd oRi;. Or, »M«h isi^ bW*i» 

jjUie ljp«y pnwred always ^l^wprjuhBtCR: 9d^«)^$9 
tbe- sBonU^ «Dd of !a fbore .iiai£Km ^ooik adM 

-Hfrr 'F.I'M "'llfv -i-.'i ■ ^Tz Tf, ..f*'^!*~ "^f^l^"^ <^' i¥ ,f?IJ ^^^^ 

R . Iras 16 z metal of a hhiiih 

dii£tility» and malleability aire very grtit| and ic 
eaoceds every otiMri&ccsi .k'^difticicf iod haid* 
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tm -Its peliftttd ftirfacc' takes ' pfeicr long^ik^lfe 

f'grtitToif. *-!c mty.be ignrted bfz qtrick fiiceefflHh ^ 

W Hows wirifi a "hammer. StnJclc with & flint It 

Intik^ decrepitating ignited ptrtick% ftrch as'-efflk ^ 

Ve ot>t»iiied -from rto other metal by *the-*-fiil*c 

'Iheslris.- - It is-ejrffly calcined by -ilre, but-f^qtftwfe 

•a-^mrSft imerife heat to-fufe itwhcn puie;- Durif% 

iti iftecotopofition by heat, it exhibits ftteng* 

mirks of cortibtiftion than any other entire rfiSetA 

It is even faki*i that the -blafl: of beDows Will 

^maintain its heat after it has been ftrongly igrtftefl 

tod taken oiit of the fire; and it is ccrtaiii -thta 

the end of an iron* wire being mad^ red hot fUkL** 

'tKppcd m-a-jar oF'dephlogifticate^ air,.wi5be**- 

"^fQy trdtiftimed -by tie fiicccfliVe cambiift%i-ftf 

'tfs*: parts/ In a^ white heat, iron appears as if 

VWvfrea witfi-*a kind of vai*nilhi arid in t-Kfe fti^ 

t^O'fjteccfe' applied ttJgfcther wiJl -adha^ and *««jr 

^bc-^feftly* imiteid by forging* This ;o]^ef^ibj4> 

'''^5ck:dliar''t6' trdh^ is called weldifig. • ifon-^s 

thoii^^to be the only ftlManee in riatiire'thit 

fias^Ac property^ of becoming ms^nefiti^al* StiGh 

^it^Ter^DodieiJ a*-liaVfc- that property, poffefe-it- in-^ 

*%trf ffi^^'tiegree, and k may ilrifefiomiroS 6bn^ 

tained in them, as far as experiments havey^t^i^i^ 

^tiilMh%:^(i(^ii^ abiimi^t^aiK^ s 

t l^ lKtfai iriin any tkJKf iiieiiaiic'b<sdy.i Sv^jt^^a^y 

*bud boft pj; V.:'*JI>a)J3jfoqhf. .* - * .i.^yziz 
^dsOioi. II. S clays. 
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^m^^P^m or,iw^?r*.Qf.riycr%ifpri^^,rai^rj9r 
fi^^iircvg^j-fefaiji ftw from 1%. .Thqi?ai;^of .^«^n)Bj 

^hYI^?^^/^^)^'^^^^ have be^^iUfo ob&jired 
tp,cOauift it. ,NatiYB nj^^We ircMji, . Iw JbRgB 
fpunfV .^SVgl^^rr^^,. .^ ores ^ fidw Bffejjj 
calcifomij as in ochres and hiara^ati^e&i t<^, t^ 
calcesf at;c^ mU|^ chiefly wjxh earths^; s^ in .^sprs, 

iHiii>eralizf;4 with fulphwr, as= in , pyritesa^ (i7»i>4fi 
with apftnic in the white pyrites^ or with:t^f?^i 
with bH^Fnci^ in t^ cqal ore^ or combiaed.^^i^ 
ih^ />?itnQ^Uc >i(^ in {i^tiv^e. yitriQl or yit{f$4¥p 

T ,X^e oxies of iron^i after tastSfls^ are i^ni^^J^ 
forn^ces qf varioi^s magiwt?«ies andforms^. §og^ 
are thirty ,f^etjn h^i|^|^ their internal fb^cbejf^ 
. ne^ly, the fruftum of a cone, ^whpfe large? ^B%is 
upppiTOoft. Near the bottona k an ;^pcn:ufft ^511^. 
the., infertipn of the pipe of lai:^ge.bellpif(i5jrjiYgfl^: 
,by w^ter j or qf other machir^^s fof . prq4y»9gii»i 
<^rei|t pf ,air, and alfp holes to be opc^c^Ijr. 
opened .10 permit the fcpria aod t^ met^ ^jtt^. ^55^ 
(j^ut, m the.procds may require* Ch^rcqial or j^^^geix^ 
^h, lighted brufhwQod, is. fifft tb?pw/ci^.j^iV;:S^ 
wjiep the wliple infide of the fum^fije ha^ ^^^ifflfll 

^J^m:m^^^^^^^ i«-jh^r?wajn \^y, ffl^^ 

quantities at a time, with more,^^ ^^.fi^^ ^^^ 
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eASTiRbM* ' mil. 1J9 

gtflited iit OTdd^.to dbtAiA itWfi df a'gtioa quality- 

aritaJtKfetitt^ity mtlft^^ktDrtfe, ih the firft prcftlbaj 

W AcccflWfy dMfdtht, afeeordftg to' the fratuf c 6t 

igiie Pitts' riiit compofe Che ore. ^ :^ 

'TAc'beft calVferdn, of iron ai mutih freed Irorii u 

hfefl&tt^enfebiJy matters»as tlie ufu^l procefs of (rneiti 

kig dan cfiJfft Hi is not at all malleable, arid fo liahf, 

^ptHeeAf ta wkhftAtid die file. If this be ^ipt 

1^^ ftrfio* for a confidcrable t?m*i it boils, aiidf 

nracH fcoria is • fe|5W1ated ; and by repeated WoWs of 

a large hammer on the mafs, when nearly at th^ 

mckmg Heait, mx^ ebctraneotis mattef is forced out, 

iMt^k is rendcrcti maHeaMe. Ifl this ftate it is 

much- Ibftcr than before, and of a fibrous texture. 

^^dJ^ iitoii iias^f fonlc time paft beeii brought v 

ijftoAe'mtlleaWe ftate by pafiing it throtigh rol- 

ifeftf ' IHftcad of ftrr^ng it. This is folihd fd be a 

rtSat^iji^bmferit irf'the procefs, as well in point 

dpiflSS^chi a^ ih its not requiring that fkill 4nd 

dtixierity *^tvMch ibrg^-men only acquire by long- 

p^&ite; 'If tht purpofes of commerce Ihould 

r^« m<*t4r6n to be made, it will be eafy td 

ftBfibit*'^^ ihd -fetaf rolling machines, though ir 

rifi^t bfe fftht^faftlcabie to procure expert forge- 

Timidk%mthhc. 

' -^Steel''-^H^j%/i*> iii aft intermediate flate bct^ce* w 

cirff^irffti^ifea JMHifrHch- is loft, tough, and malfe- 

aBll^,^^^TK(}^4r6n*rmi'fl-orii fe^^^^^^ ores h 

fmd^W^ z 'fiot fted, *^|ien ft)rgc4 only to a 
-.^fihoul g J certain 



chitfly iof ^dip infiaRup.;>l^ /iTCwh p^im^f 

. jppiin^p^ chvqg^I ,w4 ft?^;gf #»^ ^fftjWoifl «ftam- 
ed , ^ igood cwv:pjt|, J lib? jwon ; bw^i ntst/bfdckfl 
jepar^tely, or. 2^p^l(t{p^ ^hqtbm^ in<hi8tttti«M, 
in.^;Cjofed c^upil^lc,, ;^ndJcqpt.iA.a*afiq^aVjQdi3^e«t 
for cjight or sen'jjpiijrsj. ^t th^a; ci^J* ^f .i^&ifihc^^ 
thfy are fo^pd .to be converted 'wxq ftfeU. i iIC:?he 
^ipement^tioa be continued tpo-Iaf^-^he ftej^c* 
brought to a ftate refcmbliog caft. ir^9i>>ii;hfi)i^ 
renfl^red exrjeffively brittle, ^ inkcapabk. of i feing 
, welded, aqd apt to crack ^od - fly 4i>. forg3i^|» fejit 
on the contrary, cementation with abforjbpnti«aj3l*5 
or fimple ign.itip;i Iongconi^ue4 rc^uce^ift^-ip 
the ft^ce of forged iron. . ; . . .^ :•. :^i^q 

X It is a valuable property of fte^dy. thfkt tljfiHI^it 
k fufficiently foft when gradually cooled, togfep 
formed without difficulty ixuo various toQi$'T^d 
wtenfils, yet it may be afterward5.rep4^ed4i|¥BCri?r 
lefs hard, even to an extreme degree, *^y l9Iip4y 
plunging it^ when ,hcated, into col^ ,wa|er»«ir;9RW^ 
is. called tempering. The hardijefs fir<Hiuflw»'oi8 
,greacer in proportion as the.ileel is. j^pttet;- a;^ t|^ 
"water colder. ■. TM coIoujcs tba^ . a,pg^i qgj ^ 
tuffacc of fteel flowly h?ated» . .arc jj^JJowifl^-TuH^y^fe 
yellow, ^gold , colour, purplf,,.]^A9^e|,.*5^ .Ijfeifi, 
.^eliowi{h w^te, jiC^er,.wl^9|i 4)^, igjiiipijict^ 

, ,P.^^^- ': ^hefe. jTigij^ dkca.ihfi ^^jjiftitoafffl^pj*. 
Ignited fteel a^^^^i^e^ ^A; ws^^f rj^gfR^c? q^B^f 
hard and brit;lei.^_^tvit-n5i^Jj^^ 

quirai 



! 



^dirtd dfegrecvt^F ibftifefit^Bjl Kefen^^t liif ^ft' Vx^ 

l(j)egifi« grtf^ty ifi«4^atttfW£ft4s'hat^^erted. ^.j 

**>h«iu8^ kll6' aiftWe.1«ftmbfiii^'flfeel, and fcapa- j 

iA0'Q6h(iin^^ ^^empept4 by ittmerfioti^ in" \#ater ; and 
^* JaKher cpnciiluatidli of thii prbcefs carries' It 
t«jtortd thftt'pokit; fiv^that k rdfenbks forged iron, 
fkic *this- management is much Icfs etfeftual tKah 
ioj^ii^t- prdMAy becaufe the ini^urities of cafl: 
>im» »arc not rcmoytd by it; 

; : Tools and other arddes wrought hi forged Iron, z 
are often cemented with a conipofition of burned 
leather, Iworns; or the 18ce fiibftances for a fliort 
tirii6, by which a very thin ftratum bf^he external 
part is converted into fteel, and is hardened by 
inlhjerfidn'4ri water. Tliis is called cafe-hiarden- 

irtgi'"* * 

- 'The chkf differences in iron appeal- to depend a 
^'the* prefefice or abfence of plumbago (1 69, v). 
When c^ iron, is diffdved in the vitriolic acid;' a 
rd9due rentaiflS' * uiiWuched, which is fciund to 
^€oiifift*'<!hictfly of pHimbago, inflammable air be- 
4Afe-4t- die' fattttfe* time extricated (179, A). Steel 
%L' thb dcfi^ circtrmftances, affo^ds lefs plumbago 
^h^^riSAre^iifflarhmable air. Toiigh, malleable 
Wtki, flftiShirlf 'treited; Idives fcarcely any refiHue, 
%kif-giVd^*8it rftofre'iriflafnmible ^ir' than either a( 
mWiir'^l&^iii'^T^.'itW^^^^^ kcnihit b 
t^ft^I^k^ tbhfifo^^^e ^metiil "dombihecf with 
pMh^c^^hic^ HFkmUbrfuipKijr, ahd-depnved 
lj-ui;p S3 of 



ncceffary (233, i) it fliould* Iqft, in wdcr ne^il^e 
capaUe of iudbaa ua|o)^.^ ^twUBn jcmnm pta^ 
&& iron, nearly as B[iaH<»lM9</m:ki Jiftr.ftrttP'iia 
forgcd^ironf Jpait ia iti^ l|«fd ftfttf, jUibrtttfe a« the 
crude C2^ ir^iu • Pune fofg^ iioii ris ilie^m«(dl. 
itfelf'alone. . , . • • ,t • 

c 'Fbe iron 9btainecl Cirom vviQus oresoriby^ifa^: 
rious p]tx:6fie8> ib^ found to difitir in its jqualitte^ j* 
feveral other r^fpe£bs« the cmfcs of whkfa tekr<^' 
not yet been iufEciently exaemined. in iitnieiAtPj! 
the iron of cen^ln ores, e^pccaUy if die fiafion in 
the ibiblting ftimjaGe has not been cDtitimied >ar 
fi^cient ^nje, has the quality of breakings ic^ 
pieces undo- the haoumr vfhsn ignictd. ^h^.b^ 
caUed red-vfliort iron, . » . ... ..:..i 

D v. Such irofi 9s contains tbe pbdphoiic < acid» .11: 

malleable when ignited and brittle when ooid^ 

. Tl^i8is:cal]edcold-lhort ir^nt . \ :' . •.^' 

s ,The vitriolic acid diflahFes iron readify^ ahdT 
fopms vitriol {17S1 u)u This £ak in iciution is 
deprived of phlogifton by %hs: contadk of airi, 9i;)d 
tl^iiroa is by that inc^ns rendered 1q& /folubfer inA 
tfe ateid {%33^ i)* A quantity, of ochrfcous raaqjerji 

. onoat^ cheti^&ri: gradu^iy hih . to :the btmam^mjf 
that cafe, and the liquor, as.weUras'daiectTilia^u 
obtained ffdqltit by . 0^apor8tip% lare paler. ' 1 

F iDilike itutnBi|s.iacid>:(fifibItfG (kdn lahd: forto a 
faiind i:combfnati0b . ^ibeapabte:: of ; ct^rftaliKiix^iq 
iSsr<M% 4tr4)(t8S 4c{d coirtflfegi^ Aod^ dephto^ftioatbiw 



r^QMfld9'2^1t^ (pi^tity df iiroh^ i»4iiah fallsito thiib 

tett«h/ '^^'' ''• .■'.*' {\\, , ■ ^ "'/[» . 

^MaTfiie actd likl^ijf^ difiblves inon^ andifomis ^ g 

fihstidnspm che formdf PpuffiHnibluei(ac8i w); 

Galls and other aftringent vegetables precis; i 
pitate irofir from its folution in the form of a^defep 
bfoe or purine fecula, of fo intenfe a Qolour asi m \ 
appear Uack. The infiifion of galls, and alio the 
Proffiair alksU^ are tefts of the pfefcnce of* tronr^ 
hf vircbe . of the precipita^tes they ^ow down^ « 
Acids- difibhre the black precipitate cau&d' hp- 
galls:: afkalisi convert it into a broivn ochrc^ A^^k 
good and durable black ink may be ntade. by the i 
following direftions: To two pints of water 'adtt:* 
three otsnces of the dark coknn^d roug^ fldnned 
Aleppo galifl in grofs powder, and of ralped Ib^i*.? 
wood, green vitriol, and gumarabici each an ounce*; 
T^his nAixtUre is to be put into a' convenient veflSl^ 
and wdl ihkken four or five times a day, for temor f 
twelve day^^ at the end of which time it will. be fit: . 
far «fej though it will improve by rematningi 
loti^ oil die ingredients. Vinegar ioftead; ofn 
water m^dces a deeper coloured inks but^t» 9dmno 
o^rJiAiS'fooft' fpoilk them. ■ . . ; ». » uAy 

Iron ha$^'<r;ftrong.-aiBnit)r with fulplirut-./ Ifi^itfoL 
bar HGriS i)t)it 1$e ofbnongly igtlited and A^^dl olfilUl- 
plTorbi! applied to thdJieaced endy it will oombinfe:> 
wkh th^^iroh'qnB ibrm a.'inof o fUlibk .upars^iwhid)^ 
wtHodrop down. A velTel of wat^r ought to be 

S 4 , placed 



^ JRQWJ .TIN, 

,|iye[^ tiecqnj^ .Ijipt;,- r>c1c^ fuiT>ej 4n4 f^vgijotafce 
fire! The refiduum furnifhes maitiai vitrioL «.Xi^ 
pfpcefs is.fxixiilar to, the dt^comppJkion of the JBarr 
.tlal^^yritie? (17?, D5 150, Xi 124^ n)., Thewa*er 
|e.em§jto be acQeflkf y to enafc)le the aq4 tO/a& on 
idle iroj^, . , . ' i •.; n. 

N;^ Iron may ije allaypd with ^11 met^s^ toDccptatea^ 
ap^ mercury.*. It3 o\¥n valuable properties, .|iow?- 
cvera render it unneceflary t^ mix .it withocdar 
mi^tals. ,, A coating of tin defends it /liOro .rafliE^ 
h^ the a<?lLon of the air and other i6lYmk9i> wdM 
accordingly; much ufed. i: . . ; . i j ^^ io 

o Tjn is a metal. of a ydlowiih, ^rhite, coloii^ 
not fubje<5t. to nil]:, though its fcfj^p^d .or pi^Hflkfl 
furface fopn lofe& . its brightnefs^, |t .i$ iiQti<)uit^ 
to fqita^ lead,. h?s not much tena€i.ty>' wd isith^ 
leaft heavy of jii>y. of the intjff .ijvct^S. 5 Uiadet 
&e" hanripaer. It i§. beat iptQ- le^vef of ^faioy^i;^.^ 

jl^'^i^^'^^^ P^^.^ ^ ^^'^ ^n.^ ia^thifife^dii, a^.ftiigltt 
ifiiy^ be beaten to.icfs than, ^Jf Jtha?«thicklid^ 
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iij fi;?"!"^"^? K.ff^'ii^ feqaifed it, .hmS' P^ 






* » 

^e)ry-«*Httti'ia vgraiiwd '• ^i ^ ftbf cw^^%extei^^^ • 
niay alfo be granulated' by -ttgkatioh, at the:t!iiftfe 
>f igripSffmgft^n 4 fluid to a faRdflate-(^^7;'K).'^ 
lts%cai3cutt[filte-fofion nMre than thi^^df- aiijP <tth^ 
.metalfiand-frftiB that prc^rty it h aiHiil to'feiisi 
^t»>3opaIce 'white^nahnd, when rniJCed iyith^*J>^^ 

:giars in fufioft* * . 

- -' I The i lar^eft ^ttatitities • of tin are found ' in ' thk p 
ixtmty df CornwaJI in Engird. It is alfo ^lina 
in Saxony, jBohen^ia, and the peninfc^ 6f Malacca 
in the Eaft Indies j but rarely in any other toun- 
|rid&!ip fiiffici^llt <|uahtities to pay the charges of 
^mkin^r N»iv€ «in is ieldom nict with. The 
oces^of tin are >almoft always calces of that metal 
;m a cvjrfta^li^efl "kf^m, bedded commoidy in a fijir 
ceoQf macrit. Sijch are the white tin fpaf, the 
ppake brown or black pre, ; the garnet ore, which 
.^bounds with ir6n, and the tin ft one. Thefe arc 
i(lilrflrhuchh#aiwr' than - any unmeta^^ fubftaocc^ • 
Y'inhajS'beih ^und jn Siberia, united with fiilphiin 
^i. Tin ^^SJ^s^Y^;v4ien impure, are cleanfed from, hc-r <L 
terog^neo0^ {>^tk:les by pounding and waihio^ 
iM0'y t). - A^ flight previous roafting renders 
ttc; ftdnjr ^adhiixtijres more friable; and ^i^it 
gifeidoiii-'cimtkihedih the matrix,^ it is' driven b^ • 
\p/i ^fedng Hfeat,' cbndhufed for a fhorf time,' ^thicj ' 
^wj^bbirt^*quefttiy ifirred td preVent jts iul^i : 
inniheiiftft^kiii^ feiafe ft taken to add a larger qua^-, 
tit^ ^qcl4»t8al*^haff ^ is " cbmiiic«ilf ^ 'ufed in ^ oth^ 
|ftififinsj]Ifiai«l?-ee]J i^Si a'^akerhfeit thaiilis ne- 
iiohiix ' ccffary 



1 



dfmecil^ iifcifih ^wguld ^h erwi fe Hiqiptd* ^ oikik/ 
Afldoii) may be prevented as much is paffiUd^q^ij 

boding heatc During ^ (bifmon;'Vitiibiichabkli 
iint&apes, ^id iu%h»^ $8 formed iu'diik daloufedi 
pafttcleB,' wbtdh are &id to ibblkne. • in stiidri 
prbpcxi form *in die neck of the retort. - i- rbo 
S Nitrous acid afl* vwy- powcrfyl oH tin.. -Bto'i 
. \fiollMmn a f»eifeA fditfion) the metal mdft be aid- 
xd^da very litite i^ a t?ime> and ail hd^t .^yd'tdoiil; 
fijO' if n»ich> tki be put in at once, the- tiM>./ 
rofioiri <«ke» ^lace . with great rapidir^ andt heat^ ; 
and the n^al is deprived of fb much of i£s phloo 
giftoiij that Hr &lls to the bottonv iii tOc farm of o 
a^rixke cux, infoluble in acids (23 j,' r), ai^ taf i 
diftctite redvkStion. The falt^ formed by ^ oftibn ^ 
of tin yA^ the nitrous acid; burns Khd Iparkles inr. 
a red heat* ,.».... * ?,, 

T If cryftabofcupreouii nitre (^jti,-^*) be 'gro% 
ptthrc^aedi moiftcned^ and rolled up In tin-foil> the: 
fait d^Uc^eiceSj and the nitrous acid b^ins toiafib >/ 
00 the^tin with heat> nitrous fiHnes are eooatted^iq 
thecupeoitis nitre takes fire» and burns likewifil;! 
tteaeviAy fonned poition of nitratted tan. ;1 ^-^ 

u A^ite acid di£RdTOs tin Wkh^ tjie affiftahbe ^10 

heat^jaildfaifotds cryjftals by ffv^wratioaiJ ;ilf edr-lo 

-rof^ IbbKmate be a^ded totin^ dmdi^ by^prtrfifl 

v^i^ikaa^i$m^lg9xn^t]^ mericuryj^itfte niarme raddoi 

cocot^alrs with the foi^ atict com?s jora* hj -liiS^^Do 

•^Neumann. /^^o/ngfq* 

n; r ' lation^ 



*: Aqtm regial^^Biffohre^ tirf' cKrefttjryand^^fien t 
jktaded Wdh H^at metftii' has a gdafcinous kppcbnd 
afaecv'o TPhfe fidmion istired bjr tfyeri^ for iitigftenis 
ingihfc toloiirs''df cochineal, gumaalac, . and ?fim«q 
other red tinftarcs, frbm a criitafim to a" bti^ht! 
fcswflet, irt the dying of w^l^hs; * / 7 - . f /^ 

- Tin tombines With ftlphuriy^*~fu|JdA, m& fortfri w 
a. brittle ;ftiafs iefe fofiblc than pure tiix* If the x 
amalgam bf tinji with half its' weight ojf meroirj^^ '^ 
be fet tb'&bHiif« wiA fulphur ^nd fal dnnbionf^di '• 
eacii equal in weight to the • mercury, the mhdlt^ 

being pitvioufly wdl niixea*' in' powder^ a fparfc*; 

» • » ■* » * . 

liiig 'goid^fcol0ared ilibftance is obtainesS,' whfoh ^ 
co^fifis *dF till and folphiir, and is called auniifii::; 
mlufiviim* "The ' procef^ is thi^ ' explained r^^ 
as the heat ipcre^fes, the tin, by greater 'affi^- -^ 
nit]^, unites ( with the marine acid of the ill-' 
ammohiac, and lets its volatile alkali at libeityvi 
whiph flie^oiF, together with ^ porticm of the fotiAU 
phtirir in the ft>rm of an hepar/ Th« lalited'tiiDo; 
rifes -'' by fublimiation, and is ' found adhering ^to : 3 
the fides of chelVbfleL The mOT:uTy, whi^ w^isit 
oniy added todMde the tin, ^onobines with;'pMt 
of the fMpbciri a^nd ^ntis cinnobab, whibhi^alfW 
fu Wiqie^f 4 J lAhd i the • remainii!ig.i fulj^huifjT rWA ri^^** 
retaaflmtngisini ^fbrmsitho rauwm riffirtTrourrf^ '^whkfc^'v 
occujlies tHeiswoeiiipaBt^f tife veffdi^t itfe ufedla*:^ 

* pigment. n-i;,-;.?^: > 

.r'-i/zii;* Tin 




Y Tin vmteS vntK aU .<hc naetati.- 'Cldan k«a 
plates, dipped in .melted tin, becoine covered with 
a thin coating . jif, ittat mcifcili i iiid form a very 
xifeful material for making wholefomc kitchen 
utenfils, and otRer articles. ' In J>er6)miilig this 
btifineft it is found rtectflarjr, either to dip the 
deu iron previoofly in a fblution of fal-'amma- 
niac, or to keep the furface of the tin covered 
With fat and pitch, in order that the appofition of 

f; the two mecils may not be prevented by the c 
that the cpntaft of air m'ight form on did'r 

" faces. Tfaefe plates, which poflHs the cleanlindfs 
of tin, added ta the rigidity of iron, aretntoch 
iifei. In England they are called tin pktes. * 

z y .Pewter is a compound metal, whoTe bafis islSnl 
The beft pewter confifts of tin allayed with ajqiian^ 
t^Y not. e3K:ceding one twentieth of coppef^ oi 
other metallic bodies, as the experience^of'^^ 

: woriunan has (hewn to be moft conducive ta »ihe 
improvement of its hardnefs and colour. The hi- 

c i^ior Ibrts of pewter contain much lead, hav^ a 
Uuifti colour, and are foft. . Ih.^ 

A 1^ Ufefui compounds are niade Wirfi tirir-an4v^ 
lirge proportion of c6pper'(254, m), - :*: j.^^^t] 

J. '' ' - ♦ ' • •' . • • '" ' f^'T^\(fi 

L:ii ,:..:-: d .i::.v -:.;:.- :.-r::a ..'!!:::v-i; fioM . 
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hoii tlsoi'^-i uxi£iim aril lb -^W aaSujw ;f«fe.. Tv 

fi!ISMXXTH;is a y^llqwiftx er .w^j^: ."white b 
; femi-Oietal, little fubjeft to change io;dw 
air. It is fouiewhat harder than leadj aojd fcarcfjyi 
ifat.^lj malleable, being eafily brokacn, and ovSo 
reduced to powder by the hamnoer. .Tins internal 
f^e, when broken, . appears compofed of vfcifge s 
i^iRgpiat^Sa difppfel in a variety of jJofiticMii' 
1% rn^lta.at the 4$Qth degree of Fahrenheit. Thin 
pieceV are^ qonflderably fonorous* . ; ■ '- 

s.Th^ femirtnetal is often found native. Its.orar c 
afg either calf:!!^^*!!! or fulphureous. r^-l 

X Bifmuth is ff arcely foluble in the vicrioHc acid/ d 
and ftill lefs in the marine, Nitaous acid onaquaf 
i;pgipj^diflrolv^S::it. The addidiott^of pure witer a 
precipitates itsf ^ical^> ^nd i^ the criterioa by whidi 
bifmuth is diftinguilhed and purified from all other 
metals. This white calx, called magiftery of bif- 
inuth, or Spanilh white, is ufed as a paint for the 
complexion, which however it gradually impairs. 

Moft metallic matters unite with bifmuth, and 
are rendered more fufible by the addition. It is 
tifed in making pewter, printers types, folder, &c. 

The 

A A W ■> 
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€m» and lead (232, c), renders k ^'^iaAriSnft^ 

loar, df gjrflte'^ hardMefs^ fcarcdy 'ykldfog*«' as^^ 
file; artJ of an uflifi*ffi ftXttrc, It ii V<»f d9fr> 
dUlt to purify it, and is fuppofed, even w^en W 
part as it has hitherto been obtained^ to contiam' 
iron, as it is magnetical. It is malleaSle^' i9i^ 
fearcely rtk)re fufible than pure iron. ' 

c The vifribliG and. marine acids do not tttfily- 
^nack tliid femi-rhctal, 'the nitrcms jwiid afi^ 
aquareght diflfolve it Readily. Its felutions -ire 
<$rrp grccff. -^ 

H ^'R'cguIus of arfenic is of a bright yrfIo^$:* 

white colour, lubjeflb to tamifh> and become blac^^* 

' by expofure to air^ very brittle, and of a lamil* 

lar texture. ^ By heat it fublimes partly in the. ' 

form of calx, and pardy unaltered. The fumdr^ 

^iarc' dangerous, and have an ofFenfive fmell, rcr 
fenibling garifck, V^^ 

1 The iarfehic met with in commerce is - brought 
chiefly from the cobalt worics in Saxony,, for oiak-'^ 
' ing zafFre aha fmalt. The arfenic contained . to 
'gf ea£ quantity ' in cobalt ores, is driyeh oft oy 
loWtorref^«5ti6n'. "Thefe fumes prfs-'into artM^' 
hw to'tHfe 'ifides of a very bng ■cBrcirief;''<iJiff^ 
ftm£ted for that purpofe. Arfenic is a calx of the 
reg^fil-f ^fid comains' no fixed^air.'' ^ft-b'fo'-faFih 

. "'.'--"^falfifJ^- 

- 20T.0 



^WftisRtSfei'''^^ 2i3bn3'i ^(o. vs^t^-) ^^^^ ^^^ <^i^ 
by quickly fuling it .If^EHeSjivis^lMk&iitslj^^ 

eliMrklg kmitfei'/v^ea^^fpli^Ll^ hot; k!oit(X:0W9i 
% iii¥feQleii|?'f4uaJBy iq: ^lyMft* ,. TiNj r^Jut. 

OSfepAw. tftihe iinftdc^ but in tb0 opg^ ^- . . ri.ni 
White arfeni? jprevioullyf ^ivitfed. by SfktmtUMl l 

hflilii^ ap^^ ^M» it fo f»r.i^pU(9giftioat^ i>y ; 

rjqp«atlei% |itHidbgBk«>U5 addimiifi,.and,^il^^ 

it^>.^idtl9ftjiaifingj^eiiQat taigimioo). tb&tikj. 

beccNiies an acid> in the form of an ccmcMst wlyte: 3 . 

n^^^y^y £^^ in watery andpoi&lfing.peciaiiftf ;. 

|0|Qp^ipSv Tf Ijia js the arfcnkal.add. . ^ 

jXte dcphlog^icatcd marine acid.(i.ji, 5,.T)./f 

lij|^wj(e jd^j^o^£tkuc% tiie ariquKiil c^Xj and { 

J'hQsviQriaUc.acid dzfibbres. the regulus; qCk 
arfenic by boiling. The d:iaclne acid and. aqi^,|i 
rc^ al(9 diirpliye it by heat*. Nitrons acid d/^ 

Apfenic^ifi^ any form is a ,moft .ftrong poir(^* o 
. ;^obalt is.a femi-metal of a bluifh grey colquf^ p 
or^i^l^d^i^ch^dncis^ and \^ry brit^lcfc W%» " - 



« 

1 They, are v«l»«| % tte bcawifti blq^ they iq^rt 
j^<> gk^j %iid ^f fiKttitrf9£turrd on the fpv;^ into 

zafFre and fmalc* • The fiift confifi^ of th<s otlKfof 
;. Ci^ali.Am^ly mixod wichpulveri^ itinis> teOiften- 
lii^ ud. prvfibd tftto caOu. The latter is t^ ffi^e 

calx fufed into glafs with vitrifiaUe earfh ^d 
V : U^Afdh^A ledbicfd toafine powder^ by ^utaehing 

k:: .^kJKAt'mcMy ibluble in the iiili«ua^apdlofiiiii 

aqua reg^,; to Ti^ch it inipaits 4. HedfiiniWir. 

^ ^ Xi>e imrieiic acid icarcely ads on it, uoki^ iNliUng 

(an^g^l)^ cofieentrated; The m9f'»o^^bm*.t^o 

rii^dnr;w>idi^iiK^tis»botdiflaly» the<99(d^^i if 

s Zink is a white femi-metal^ not fylbjeifbi^mAiB 

i r0lfcc;iik;> k^at^ dmit either lead oc tjia, vt^^itUt in 

t<fM^€»iu d«gree, ;aiid (iytmgk.thgii*^ 4fato^|Atf^ 

« ]Vi»ytlaii.b,fMjfeYi^4 OGnei^ ba^p^^d Jand-iiiwntd 

fsAxfgfce.:it £brcai£5. ^ ^ Its .&d(9:iire^ ^(xkAm Ammg 

signets. rionw^aBW brfiw \fpimi»^itfmlm', ^^Himn 

;oa the heat being raijSbi imHAfi imSmOktMyt 
ofins^iftt arias jfinoe^imei^^ M' jbe:9MMM#e 

Stasia 7^ ,li i^'/Tb? 



^/ ^lttr«l»iif atafe«t «MKr diMi %» «» Hide* t 
'4wfj «■* dJttnkiKror laiimiiultl i>itH «^j»pn 

tm%c6Umn. The M^hvixemii ^mip ti ^ ^ 

l«4tb tfaarcbll/ in doMiMBjti k a n er ^ f bcfa ifl it y 

' litnuiQe; the JedAftUhftmi Mikg petittfau-)f adii>fed 

'lb ^«rer¥< tMs> fDliilite and Maaimabfe ntfOa 

- XiikiiMMyilifiblredm^ft^ v 

i^^9i y) is die only &&at ooKJbkeoqor ijf ^Ais 
} tfiienl'foundin commerce. . 

•Sn^ihfur hat no «ftion <». dtt Icmi^iiMttl: v 
whence, it it tafilyfnflified, fc9^^miliAg4idfifaiir«n 
ItB'lhr&oe'vidMninMQn. Thefirt«o^^ib£bice0 
Mimvunlbed itt oitB^^y^themidkiinof iioq^ . - ac 
r Zinkischie% ufed inMtiakii^ hn& 8&d-<xfiier « 
niimltk n^twes ofvthe^^like^atiaie. (ajj, k^ %), 
It ift^ lilM¥^ i;^ a» a fdder, »d Jcaiowni^ii4e 

^^ Ik^ulos.df Mtimonyk of alilvery idaflrr«)t x 
>4i1^eft tottift) ve«7%rkt^^-and i^tlfftaiyirp^^ 
. Mtiirie« It ni«to fooiY ^er i^mlM^ ad:kyr a 
. 4:0nrin«idii6e ^ tk^ iieac becomei^' ^ailcinei^ nd 
tifiBvk dke^.ftctt^ ipf nnUw :fiBOCi* < ly a 
^ Modrnxthm: 4t' V cdmtnedi.'^jntt. a giqr 
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v.^ 7fa|«ioft c«MMi^ OK a$ lUiiiliMi Mill ill <i 
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4KcaHic ccloiii^ Md its ftaftoK leteUes 



^jlii&fiqii^t'fufioii i^ih ihflMim^e metten. In 
^^tftitlS: m% fow pans of Mitintony^h Aitc 
^fttki[6f thtm Md M€ thd i half if hlt^ i& dim«n 
<a NMle itt ft' tiilie ihto 1 ifcd^&ot crucibiie^ ^d the 
^Uitzt rftiftd at di'aeifd^ si& to ftife the maft. 1^ 
>ddonad6ii cc^Aimei frtuch of die ftilphtkr^ ftfid tffe 

^ 5f>Wbgnion of the tftrttr xetdves a confldera<>lt'j[ikrt 
'^thfe rcgtilus whieh k Found at the bbttom^'t^'dfe 
-^irrocible. 'Of, ahtirti6ny miy be thrown oii half 
its weight of' finall pieces of irOA Or naili, ti^ 

^ *iadc whitfe hot ih a cruciblei ttnd the' h<ia! b^ing 
Ibddenly f aifed, after having covered tile crtftibie^ 
1^ n*ft melts, regulus of antimtmybcHig'StTOJ 
^Dottom, and the irdtt combined wfth thefidpfciS^fe: 

z '^^'T^Jie mineral aEci& diiSblve reguftw of^ ^ti 
cK^ficuWy ; The m arhie ^id h^ veiy iit^ *ff^ 
bn it; but it is foluble ii> a confi3eraWfe*d*gf^lft 
an aqua regia, confifttng of fcvcfn pattfe hiti^&ii^^fTO 

* <)fie fefiaririe acid, or in a rhikwf e of Bwicvftriolic 
ftrid inarjne, er even of the viti4«flic^hd^^9f6dl 

A ^^Muth laboui^ has becfr Bfflm^d 6ifthijft<?i# 
fe*^% tHe^^chcrftilb.- !r¥t^iiifliciP« 
^vrerfiSl ^ehifediesj binr ^^ me«ca' -^^ift^rat^ 
}e(!j^ii4> lRe^g?cati«l^ai^ ^iid^-ata^itifti ?%k35(2 
^mtiohi^ai^Mr o^^ flftpte^fe ^JFM 

^rbcefe are^^*6iew i5?teriafer^ffe^ar8^ ]Mm 
tari^=aha^veh^!i?ghfy^ Aan^i^ '^^ X^^ 

.^nui . ••. ^i' • ' Regulua 



grows browabyfpontaneous calcinadon qh expc^fuie 
m the. air* J( ^pB^u^ co be k& fyGi^eth^ -goUj, 
/^ larger pieces beuig fcarcdy. ov!3r *glpbi*|ar. |t 
k very har4 fuid brictlc^ a^d hksit^ pfalQgiftciQ.iQ 
Xime, £> a^ iiQ fall fpnuQdmes Ia^ a brownifh bhdc 
|ioTX(4^r^ Hnvitr tl\M this regulus; a circiimftange 
.l^lficb does oQt happen when ic is kicl<^ediAi« 
^> ^dl <2ork/9d bottle. It9 powxfer i$ magnetiq^ 

l^wgUi^t iii the c$k of this {^-metsL ^^4b o 
V^^fia^ is cidier wbice, blue, eceaiy y^kwys^ 
bi:9Vny Qv hi^sk^ accordmg to its. Ids cf^gre^m 
4€|^c^ic«doa and the nature of (he fijbft^mt 
it may be comanninated with^ of whjch o^ ^ 
itmh At chief* The brown or Uack p^ tf t<yo 
^^^ch dephlogiftic^ted to Ise felubk in acids^ «n4 
fi0^^£);ii phlqgilhaii more.ilrongly thap any 0(he{ 
f>ibftanOe» a^cc{»t ^re m and nitrous acid. 

l£,^ globule of nw:i)0CQfinic fait be melted mi4 t 
f>Wt^ of i charcoal^ by means of t^ blow pft/c, mA 
a fmall portKMi of tbr black calx of mangaael^ b# 

^dds^i. ^. gla& will be formed qf a^ bluifli r^pdr or 

iJ^^^.ffF9(p(^n}m^^ be greater, of a ^ 

?fd.v .jT^.tingje;fwiU however totalfer:difapp)^H«f 
ifes^fuil0n M.ffmmcd with »iixe i««t;^t or ::*i3| 






1 



\Biit rtiangand^%itfi*V greater propordoft"^ jiM§^ 
'^on is celotiflefi. The fufibh by -i5ie*^nttl<t&r 
*apex may be confidered as a fnfidft ^ i-^^^S)^ 
-veflej, becatife the furroundtng ftene ^defentfi^lie 

gkrbule from the c6ftta£t ofdie «bvon< ^e gaiter 
•^aft of iti furface. The pHk>gifton^^h^*4«ctlVts 
\^6m the diarcoal is tiiorefore {t«ftined|^^te49^^^ 
^ddces ;the effi^ft of rendering the 'glob\J^i«ri^- 
X^kitht. Birt when the exterior ffaiflri^^^ft-ttf^^^^ 
^tt licit ihe cafe;- for the circumambient 'air, t^^th* 
^4Sgthb globule in a mAch larger 'part* of itt'^-. 

face, tends to dephlogifticate it with more-cfitfi^i 

*' ^^anJf-^wOuId carry off mo^ phlogiftoa ihaA the 

^^^1 &r&ce of conta(%> between the globule^abd 

^thfc charcoal is capable of ftp^lyingP IThexoioiir 

theicfore returns.- The ait«nii* icid iiwo«6irc 
^dephlogifticate .th6 mailganefe. Vitriolfc Mk "tte 
^^dttcttnpefftd and teeorrte fulphitf^Sus %y >'«»al^ 
^dF^he^charcewilr dfl thm cat^'^l^^ih. 

' ^^n;^as^BV^|h'^i?^8A^n^ 
Wd'tik^MUx of ^ffiangahefe, '^rid^ttefeftfri^dfe^ 
%-oy the red colour, t T^at thcfc changes do not 

depend 
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cFfSf • 

^no^a^L^WnteS ftipi¥>i$4)fftr>>e' io^pap^l?^^ 

buJk tefts on a fuppart of pyre gold or filver. -^^ -t ; 
. . TJ»e ^aoK^pHeiyiaiem ifwtfi. fo^ai^ pca;^!^ j^ 

^if fi^& fnnn.dle green qage knparted ta ^.^^ 
:.^^;-iOf,iro%;fcoai wluch thejr. cannot wif}^ rij^- 
^^lisijenc &cility iree the ^n^terial^ they ufe. T4c 
^^een ^lour arifes from a calx of 4rQn i)oc i\]ifi- 
1 $^i^P4^^4epIU€giftiGat€d i m?AgaQc(e being th^^- 
cfbr^ add^d-ioya certain flofe> receives enough of 
fh}o|)^^*to^ren4^ 'the g^fs colourldi^^ z$yftll t>}r 
•1fijll9t<lepbl!QSiftic^l^ of the calx of iron as by ifs 
^:'^nb^hlogiiiiaai^. But if the doie be not ^u^y 
-|>rppPWnf5d, .either its/own red colour or the 
•gfieWi^iW prevail i the latter of which i^ thought 

3di i^itraiarkiabte.effeft of the ftrong attra^onof h 
bdsestabc'of JTlai^anefafor phlogifton, is feen,i|i Wic 
ifcrtoxdllod hUek'Vf^y from Derby (hirei. * It,iiis 
3i»Airown p4vcr»lfBmiafci .and ufed as a pigjnqftt, 
^iff *&lf r^if»«Vi ofrjl)}8^l?fi.:^kA ^ffore \aj5?|Urind 

.iffefiP^moM^fi^J^f 1^^ fiil. ^!g« WX:. fipwpd 

tor: of cogn^ri:) -jhc^ 1^M^ 3 r „:/,:- 1-: :\'' ^-;<m^ 

i 
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I xTheticfiolic acid mtcki' the^M^ttlai df ' ttill^ 
ganefeji and Extricates inBkmfMble*^ 'A l|)diigf^^ 
fubltance, of the fatrte %W« M th^ ttgulM/ho#* 

Ajka^is precipitate a ^tt ct&K folftibte ifiaekte.: : 

K Thc^ black cah whett i;vell calcified i«^ fpai^i^ 
taken tip by Ac vitfioKc acid, and this porSfe*' 
ftems to be that which had not been weJl eleafcil'df 
its phlogifton } for the fcmaindct altogethei* ttyt&s^ 
the acid; That this calx is in&luble (133, i) for 
want of a dtie pit^rtion of plogifton, is rendered 
ctear, by adding fugar^ honey, o^ aiy'phiog^fef 
fiibftance, as by thirt means the folution is {*6-* 
mottd and completed^ The it^tals> not exod^ftin^ 
e^n ^oM itfelf, pmduce the fertte etkSts ' 

1^ ^ The nitrous acid diflolves regulus i^manganeft 
^tth efFervefcence, occalioned by the procJuSHon 
of nitrous air* A ftnaU refiduc is left. This acid 
aSs very fparingly on the black calx, 

M The marine acid' diflfoives the r^lus and aiib' 
tfte white c^x. Itlikewife takes up the black calx, 
which communicq^tes to if a red colour, and takes ^ 
as much phlogifton from the acid as ip rteoeflSiry to 
it^PibJvkion* ' The dcphlogifticated part ftie? oiF in.- 
j^Iow Vap6\ir3, Sndling like aq^ r^gia'( 1 91, s)^ I 

N *" -J?»gM!uSi- 4f { wtfram ^^ i^ a bri*te^ fotoi-metfl of 

■^ ^ * V - 'w f i * * </* * — .y ' ' ( - / t i ^ ' • I 

• ^ \ •* • L Av.^. ...■«^ 

^•^Th^^xlifcovenes of Scheele, Bergman ^^md. the De^uyarti 
&r?^)o"be fband'in ** A Chemical "Analyfis of Wolfram)*^ 
pnnted'in Lbndoflin^the year i78Ct •*"" -i .j*^ »a;^ ;.. 



cvexyr other body in tAtm^, i^^qp^l^^m* Vi^. 

to/nbotic lis 09m wetght q( /c;^f^s oaxt)^ ; ^q^ i 
S«0l^raii> a inineral of a flali gre^ fpecific grayitjf^) 
of'^Ar bfpmu& bU(ck» al«^]» cfsiakej internally, 
j^iag, almofbiSke a ^^^ fod of a crjrftaliized 
f$mw Tbis laft i$ onlf foyiyl m t;in ipifies, ^. 
opiifaiiis ab(M|^ t)«o. t^ds calx of wd&artiy r^Q^ 
gQtbf r witii the black calx of xnangancie aadrCal^; 
ottfOfU' ■-.»'': ' * "10 n 

If poumlod ^iMIriKli'm^ tuqgfti^ be 4ig!if%^ i^a 
the imi4ne acidj ihe^oi^nipincfe and imn of^ the 
former, or the cakareous earth of the latter will 
betaken Tip in party or extra6bed from the ex^n4 
parts of the molecules. The lefiduurai ^^^h 
edjilcoration with water, being digefted with >y<^- 
t^ alkajiii the wolfram calx, or acid^ \^llv b^ 
taioen^ f>p i^ pArt, or extrad^qd from die iyrf^cq^^/ 
l5hc/*refidw, after edulcpratk)n> vwill be agftijfc 
lifted fVpon bjri^he mariae acfd, #qch f$i«M ai^or, 
thcf-^fe^txi^n of ^paraek^i that^were ii». |ji^ fympi^ 
^cffion.4efieodedfnDm. its 8(61^ ^^ 

calx, which the digcftion in volatile alkali has re-r 
rfiove^'^'t'orat^*' a!fl?ali^ b^n'k again ' kpbliied/ and 
«hc alternation: continue, % many viofl»tpqe»> 
I '^fl k T 4 the 
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0§ immAaSrOM 

portions of «ci<l contsdn eitho* the cahnpcfnouB^ 

jfasaanictaiidiMdevufeJeCifiafidkMfce^iafatilft sdhtft 
•^toCftrnf "^ aci^5o£:«b]6iiiat'ic^fac]iaiQdkiiilruaf 
^tfRMM ai^ddDtohiatiift^tiBoqntattsia MtpudtSSaaf; 
ttCtJRCicalx of^biJfaiftx^wdqtite a&riiv^iiott ntom 

R acid. This lalt is foluble in watiBvttaipi^ l|niag;g)j[t 

tW.6i?^9iclW#«»l» t^ft «B»U Thi*-bi«j|g 

alkali by boiling with nitrous aci4 and dci»at^ 

,. 9Sff>:ffti!'!ffl* 9Rn«re-timfc9»-: TM:4<%wiqiilti4 
gipijbf drivm-eff il^fi caJsimMiwiiand: Jl»^5«liri» 
I»j|t,calx,Qf a briBiftone ypltpw. .;ThCvift^ir«jJl| 

(280, ») ijrom wlajik aikali,: ^f!:nvaio»§ j^fefapg^ 
^ ^. -^ii^, being drwen o£f« . ,. j(,cM 

T '',. Tibf ./^n^e. calx is npt ft4v#e^ vjaitqri jfa(|| 

^f^^h'Mv tf«yra#|ij an ^n§^9B i^jTufficifeiM; 
?ffiS ie# th5.^tn9Jfefe,;flit^i«,r#n|;^»ffle:a«i>tef 

^r;,^ ftcn. 



UOfifflSMNK^ 



«ll 



AiencliqQBiieo ~ >. v^in? .-lUjnoo bio^^osaoinoq 

jhpiyififiiii' r' HFp"*'^ ■'•' •' " '^'••'■' '■ '^^'-i ' r -^^'^* * 

,^ •fif'joeikcincnt in a icrudble ."«^ Halted Ht^ v 
a ftRMgf Jiwr, si^ o^^ ^ vioWhm U H^H^pSa 
liMgulus, bdag a ^rofwtt TMfs, C(»)OflSAg^(^W ' 

if iHilMi^. Cakination curns it ytflow as i|»dc^ 

{«iath^ • ^ • --:•-. ■• ;>■; •'-■■'•- 'J- "''^-^« 
I ; Tim RgQ^ ii MdbMt Itt- th^ <^i»Ifc'^ w 
max^ aeidi. - The ilitroiis add/ anfil' 4^br'ri|iik 
ltt|dih>^caGe it, astid tomtit It Iheo ^thb^jrcIM't} 
eik '(ti9(*>jj s); It mhres Aviifi <)d)Ki' iiitita1ii^''«id 
fyiftla ■feU^at aHoys. Its calces tinge -glai^. - ' ' ' 

Molybdena is a mineral iti W B u ice, 4el%rhl^lH^ % 
filwmtege, bm 1^ laini^ 'are largerj briber, '^' 
and mloxVic ^t^'AaabW.'^^U to blfeveiy'^ 
fioaldy red^ce£d!>'t>d«Hkr^'?{i)i -ii& ^n fi^ 'A^^ 
«linoft>endrelt^ vok»Ie. '> R'li cdih^j^id'or^ifbYi 
piiu»'€ombiAt:d>^th' a^ "Aeafl^Re'^titiSi' 'M M6i 
aft d^3|»t t}vbiiiflchi<»l ^^'mtMi^.-i'l^ iii 

." ■ ' with 






iff.. /utu m k Mi^ii 

portion of the acid cftfxlfbifim. i b ^!?f^.r:* w b^^-i 

ibbbie isrwater; Bt trai^ : idL rtiie general ^^faoftno^:^ 
ifitt .i)f acids, and* ^oth^ pecti]ttr:«o itfi^ - It'^' 

aftaK}* MoA by gafe.'- BifBHed ^mh three^ liittfs^ 
itsu^'vei^ht of fulphur> it a^in pitKhiaeft mQlfb^' 

' dcna. - - "- 

z? -it h& httti red u ce d into % metadfio fymu 



■-» •• 



r* • ■• I 



ft 



"' :V/T -N • % ^ . ^ \m. a, A sf^ . aK * , 

A^ . ~» '• ■ . . ' t 1 : ' 

^ ■ . - , . . • • ■ - ' • - » - .- ' -r j« -• ., 

. epvccxifma hxpatix: and PttospMOiiic aikss 

; pyitQPHpRl5 TH£ PHQSPHOB.US 0|^ BQLOCUA, 

or Bj^|j}KriN, jtvNo or canto;^; ^oiLS, as..-;' 

.... i ; '.J y , /I 






a- 




# T^T/HEN ; an a€i4 is added , to ahjL* 

W of fialphur, .whether the liafe be a ^.^ — , 
(i7j6^ h) or z v^l^j^Ie alkali^ or calc^f eou^s 'eart|^ 
poit <)f t^e fijlji^uf is ieparated 2^Sfyl\d^^ 
aad mr% leceiv^ 9 fufficient portion of^ heat vi 
cive.it the ji^s'ial for«. Tms air, is ^called he*, 
^ic ^r; . lit IS fy^G^kat heavier than^^at*^ 

tb^ig^^]^ pematiQ^dy f^ t ^ (0^4^ tfulph^ '^^J'^^' 






rated with this air tomt ^«r Mack; ^ Icv^C:^-.-^ 

iSxed^^alij: «^dr<Si "^Z ir^fcnle rc!^e&sr:refcin^1>. 
^ng fullihUfeous he|^aiit^ airi It^ take&'fire ^4'^L^ 
taneotrfljf on eottiimmieatlon^ith the ktibofpbate;: i 
iK^dsbks df thk air, tt^ping tfirpugft Tnc/cury; ^ 
flathe, cradle!* and imell like iShe- ^eftrit -ipaifcM 
It 13 nightly fokible in water. '■•.' » • 

There arC- many conhpofitibiil ih«t takfe fiffe"4n c^ 
expoftire to reipirable air. They are called pyro- 
phori. One of the beft is thus made. Twb 
parts of burned alum, or aluip kept in a red heat 
till.it has ce^fed to expand anB iWelli one part of 
charcoal, and one part of vegetable fijced alkali ' 
bfeing mixed io powder, are to be lightly prelKg 
iiito the bowl of a tobacco-pipe, or a fmall cru- 
tible, lo as to fill it about half or three fourths i 
die reipaimAg Ipace is to be filled with fine wtiTSlig 
jiand, for the purpofe o£ preventing the imm^diati^, 
^ccefsofair. This veffel being placed in a ^jpdf 
fire, the fand is agitated for a few minutes by 'the 
cfcape of elaflic fluid,- and foon afterwards ^ a bhie 
flame Is jfeen to ' iflue from the mafs, which torv^ 
tihues about a quarter of an hoiir.^ The fed fieatT 
being continued for twenty minutes' or Jongs', 'afte^^ 

Tranf, for 1785^ 

thl5 
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_^f:,«f the 6ttvan4ifh(^at,i5 1?^i'feAIyi5Q^1*the|yjg- 

2pif:lnto f well clo&d^^al. ^ |Hece of this fxj^i^ 

, ^^^rfjx a^uor^ tinv, becomes ignited, w^tb ^^^ 

i^ght appeajr^ces iof <left9gi:aiion4 v^i aa h^y^c 

B j^^. The £«tifMlar or inunediate ,c»ufe (t(. j^ 

.^coeofion pf, pyw^phori has/not; beeq ,ifeU,,fjc- 

^^^i^uoe4> , It ieetm as if the phWgiftic fut^taiM^ 

91^ \^c oft colters : ioto th? fotnppiit?op (^jfi 

J^Bgff{3 jj) which the conne^on of the inflamtoab^ 

-Blipcigle.i^^ib flighty (hat it caa unite with p^ 

,^yith fMfficient japidity ^ produce i^Qoo a;)d 

:<KB>a!?v^kiopXias,;Nr) <....■ 

>- .^ It, j»;S^. very general prppc|ty of ,bodie?, after 
^fjqjpfure. for a ihort tun? to l^ght, t<?j,cm»t^<jg^ 
ijfQ^,fome proc ^ter it ceafes to. fall, ^pon J;^fni, 
^ is, «afUy prov^, ^r receivii^ tl^eijii, in axlaflsj^VJ^ 

ifcma^' Mm\f a|id water haye mrf^^.m&^i** 

^ithsrdo.orq!, yipiol$, or oil, ]^fCt^.^t, i/j^^sgff 
«onfider»ble degree, Other bpdies - pqfiSeJ^^ 4ihin 

.: .iwiflW dcgrefB,:. :ijeat ?avfe$ ,th? jJig^tL-.iO be 

^IRjit^.. opore. (Quickly, ai^J CQnA!qj*^«|ly; P»i^ 

ffff^^MSfn^ty y^^^^ it lafts^ ,but,,^p Jufjain^ii? 

-siiPPffirapcs.^oc* pot^l^jk? jaacp ^,^1. by .n^e 

FihfsW'^rithwit prRYipuf, ej^pofijfe .^q,-.lj|^,,. ./c.;? 
4?^i: that'cojojiiffd light > enjiipeyl ,agfti^.<^ef^e 
-.^i|nB,.-§q|oj«> ,; .,4i9ong;. fyj>ftagcg?^_%t,j jpj^s 
'diis pnq>erty in a remar^abl^- degree, thtfjf^ 
La>??i:.yimolatc;^ BS1P<^5P1?& f^^fffeinftfe JW^T*^" 

js.: Jui.i; - J Prieftley's Optics, p. 369, 



OF ixmm. -^psf^'msmt. 




'^mmHs caiwa %ahtdtofe^pfiiirDiidfti§/-^aiapis 

-ffidtt'" in- a good fSe^fcf -hair litf -Kdlc^tdlf ^M^, 

^Adtet Ae whiteit-part be ii^lv*irfA^ ^and -BfiSai. ^ 

With flidc pzfts of thk poWikr rtiSt-oi^fiii^^ 

'-flbwerS of ftrlfftnar. Let'th^ rmxttirc be i-atMJ£El 

fntb'a tnicibie of abbvft'iine inch ^d'k MlP9i 

depth/ tin if be idmbft M^ aikd let it bfe <^!iiS^ 

ifl'-the tttiddle of the fire, where'- it ihm 'UfP'ki!^ 

^fBa iibt for one hOtii at ledffi, arid dien^ fefc fcy*i|b 

cool. When it is cold, turn it -out, •bhd'dwai% 

^•feeS-iSetfesKcf^pe off or iilift'ijponmidithei 

"Ki^ffleflf' f aMs,- Vwhich, if good, wiU be a yMte 

^fmi&^''iinS^mi^bt preferved in a diy pliiU 

•J»Wa^3t>gfbtinff-«opjfKr. fijqfeforc fbr a^few ft,. 

'C8hdi%l^<jfche li^t^f thedky, will caule it wmot 

'€tt' tS6 dkiic ; ' dif it 'toay be rendered' litil^HilbiiJftfvby 

"Arffel^sa^ciespeJfiBn made near It. ' ' ' J^ -f-ao-i 

->o Qilff-aiseili^4lds,'ih generaHefs ftuki 4^aff J<»BSff, h 

'Wi Ti^mietm!>Vj'icCt'ioTwtdiii^'i^ fouined^iim. 

-WkA'ipi^ld^'to fiiihe/' Aeyiiiit t»«^«|iai . 

»ati )iiid''burti with" a- h»miitovfe*^'flatfi«^i«q<ffie 

^' cdmbufti<»ri' b^ 'taot'maili^''ibVthat ^i<^iM>I^^^ 

m^y'hi'H^.faiSmtii ^ccefk ett'ari' Jj^ir dP^ iltWiV 

;'i*M fii46fee*»^^hiiiiit^a"'Tr% IcaVt^^^o^nji- 

,9'bg .q ,?3::qO »j vii • confifting 
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coofiflng f>f ii^?t9i>li; ibm^ Iffm^f ^¥^«^ 
: Xticfe-fadkig f%)«^ ia the oU» 9^ p]4 <^tb«.ifpu;^ 
tnado to p{ptPU(ik>,and ui fct oa jQri^. 'I^M^ c^-' 
vpiibry attraftioo (t 4^* ^) %p|i^s tn^rft ;^, 

. Mcordingjlj as tjivai in Uw bea^ part of the ifpj^^ 
ia carried off by thp rarefa£Uon aod r^y^Mfliop. 
If the wick be toolarge^ the ip^f^iuil part qf t^ 

. fiamcwiUwaat airs if it be toQ Ipng^ noo^^ oil 
n^iU ifTue out of its pc»-es ia vapor tiiaix can jbc 
fxmfktjdy burned^ In either cafe, ivfiokc wi|l be 
produced. Bvt by a due attentipnto the.^gpe 
and magnitude of the wick and t^ fupply o^ ^ir^ 

. Albright flame, no^f be produced without Jfnok$. 
This . U; doajs \n the- excellesit laipp of Ana and, 

K : Oils afford phlpgifton^ j^erial acid, and watei^ 
3Lit£Y are diftii^guiihed iflto the yngwoouf .4nd;C^ 
^tiaji. The foriaer are iiifipid^ and . ^s^t%^ 
ihaeU, not folubk in ardent fpirk> nor ^ vo}atik ^ 
<he heat of boiliii^ w«t^. Acid of fu^jf . ^ 
been obuined from them. The latter hav^j^^ 
ftrdngfmell andotftC) arefoluble »arde^j^(kj 

. ttfid volatile in the heat /of boiling wator^ ^ 4j4liiat 
lats r^emhle unguinoua oih, f^e^di^ ^e, oil 
t^btaihead by x^ftilktioa front the. gdat^i^u^ iu)>v 
ttmutc of animals. Tlas xx^y . be/ biPeMgt^ ^ ^\^Pt/ 
dfubte ciimr by ij^peati^l 4i^U^i<H%JS, Kf^ft isft 
^tte»attir€ofcffttoniAQil»>, ./., .: i :: -.:w r 

'. Spirit of wine, or ardent .%iri«i» «v^«»«d,ipri 

the vinous fermentatiott (ai2, f*h;), {tfi^JI!#<l^ 
arrived at the acet0USt Whea weU ci{w:e«traftrf, 

yi.O V '. it 



jomH ^y^nstr^} Mttok, cit; 

ft IS rerjr i^laMle iHB^ duidy ha$ ue^er ftt^^cAitu^ 
'gealed^* mitts tt^ ^ water kt aU |ntopoictdnvidRl 
With an affihrcy fufficiendf powexM fo jCakcriit 
from ^oft faline • fubfbuites i highfy i^bxtwaatit^, 
£> as to burn without a wick^ 6¥m when colc^ and 
produces neither foot or coaU Its flame i$ Uuiir^ * 
^nd not very luniittous. • . : . i ^ 

It affcx-ds phlogiilon and water^ which are pi^ h 
bably united' by Ibme acid. 

Ardent fpirit tmites with acids^ and rendqa it 
them milder than can be fuppoftd to arife froip 
jnere dilution. 

If vitriolic acid be added to Q>irit of ^in^^ alnd o 
the mixture ftibmitted to diftillatioo, the prpdu&s - 
are iirft a very pure Ijpirit of wine, next a liquor • 
f^Ued'^diolic edrer, and, kdflly, an 'bil« Ifrifais 
]ptocdfs it appeafi^ diat the ai^ion or combinodoa 
df the add U ci^bfe of converting the fpirit liott 
etfi ahd that edier is an intermediate i\ibftaMe bt^ 
<Mv^fi fpirit and oli. 

Echo'is^MiklUe in ten times bs weight ef wafiei?« p 
It «& actremdy light (i9^ m)^ and I0 v(^a«kk 
ai to ldoa:v^^ iraoer into ice miwrfmm i^Mm^iC 
die water be included in a &a$lA botdtri or CUlPAr 
oiftftaiitly . wetted m the^^tiuifide^ wilk this ;Aui4 
6^ J) «)* ' Itis4iigUyi4A«iik»iteftile, buoiii^aiwlk 
« white luminous flanry^andibmc appeioimtiij^^ 

^'li^Kta maf 4»t iAale-1iiitb«iitrack^ 
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SECTION IK 

Of Nfagnetiim. 
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C H A P. 1. 

C^nCER^NING MAGHETISM; . THE METHODS O^ 
COMMUtriCATING IT, AND tHE VARIATIOV 
or THt COMPASS. 

A lhr\HAT remarkable property which Itott 
X poflefies, of becoming magnetical^ feeins 
to ftand alone among ^natural phenomena. It is 
the only inftance of permanent attraction which 
is {ufficiendy ffarong to become the obje& of vul«» 
gar attention; and philofof^ers obferve its efiefts 
with furprize and admirations^ while the nx>ft caur 
ttous and rational are obliged to cpnfefi that the 
caufe is entirely unknown. 

B A flrait bar oi iron> which in the nordiera 
parts of the world has ftood a long time in a ver« 
tical pofition^ is fiHttid to have acqtiired the pro« 
pertyof attradbing other iron at its extr»fnidesi 
afid> if fupported in a yefiel> fo as to float at li«- 
berty t^)on water, tonframs itlelf to.a diiedioft 
nearly in the pkw of die merj^diani the end, 

^ " ' which 



" ■" • ^' ♦•■ "% 

which during itsperpendicujal' fituatiort was down- 
wards, always pointing tow^nis the North* This 
bar is faid to be m.gnetical $ and the tinknown 
caufe of thefe and othei* concomitant cffcds is cal- 
led magnetifm. 

Magnetifin nfiay be given td iron^ or rather Iteel, G 
by nnany methods* The difpofition to conforoi 
to the plane of the meridian is called polarity, and 
is of fiich importance in its application, that ^he 
modern art of navigation coUld not be praftifcd 
without it* The mariner's cOmpaft is thus con- 
ftrufted. A flat thin bar of fteel, rendered tiiagne-^ 
,tical, is fattened underneath a circular card, di- 
vided into points (56, k), fo thsit the dirtBkki of . 
its length may correlpond with the line ns f|jg* 
132.) This bat is perforated in the middle i tnd '^ 
*ih the perforation is fixed a brafs cap, hollowed 
'tat coriically, which confequently is in the center 
of' the card* The ' cafd thus provided with a 
'rtiagnetical bar, is then fupported horizontally, by . 
^placing the tavity of the cap on an upright me- 
tallic point, arid h therefore at' liberty td revolve 
"trito any horizontal pofitiori. But the bar, which 
k ufually termed the needle,' conforming' itfelf to 
tke meridiari, taufes the Beiif de lis" of the card 
to poirtc to the- N^fth V 'conlequemly/ theotkf 
^vTfio'ftS iliuft dknbti^-t^i "fcipeaiye bearings" <)!' 
\^i 'pornti hf^€ ijo'ffiM;- ■ ' T^^ caVd being '& ■ 
Tik}ym Sf l^h%^l6^Sx* -ajicf-l^^fended' f^^ 

^^lAL U tioii 



tion of the ihip, Ml idb^. iijaiirjpr'Si^cqaii^s^ 
the help of^ wjliich^ vclJJfl^ ;a?e ef^blffi tp.^vlteejr 
their courfe wifh ,fi^ty , in the :dvkeft night, . ^nd 
at any diftancie . ftpm Ihore. ...... . - r.. 

In the cxaijiifl^jfoiji of the magnctifm rf y^ioiift 
bcklies, as, for e:|»«ipl?, ,pl?itina (.a4P,>} W, 
nickel, it m^,;bq^9f importance to know tfec de- 
grees of mag^etifm as difcoverabk by ej^perh 
ment; .wh^ch a;-e the following. The weaJke^.;^^; 
when a body flpating on water (lowly follow^.j^ 
ftrong magfier, held almoft touching iti the licyti 
is when the magnet can . rppel as well as attra^ 
the body; aj^ftill ftronger degree is, when the 
body conforms its pofition to that of the mjighet; 
held over it; the fifth is, whgnthe body left ta 
itfelf alTumes a particular pofition^ and returiis tfi: 
it when difturbedi the fixth is> when, the body, 
talcen out of the water, and brought near a liglu^ 
Compafs needle, caufes it to deviate from the 
magnetic meridian. All ftronger degrees of m^- • 
Jletifm may be obferved by lefs delicate methods. 

The ends of a fimple magnetical * bar are. 
called its poles ^ and that pde, whichjr when 
at liberty, would point to tj^e .North is cal- 
led the North*pole, and the other is - called the 
South-pole. . . , / 

Univerfally, in two magneticai bodies or mag- 
nets, an attradtive force obtains between the North- 
pole of one, and the South-pole of the other, and 
a repulfive force obtains between poles of the fame 

name, But the repulfive force which exifts be- 
tween 



POLARITYi Dif»P<NO-i>EibLE; i^£ 

Imtn ^tei5 of- like nam^s, but^ iWiq&al pbvrcir^ - 
is- changed into a*traftioni. when" th'e di&kntt 
>s fuffickndy fmallJ' From fittfe fefitcfribns it li 
eafy. to determine the namei'6Pthi' poles of ^ 
magneticdl bar, by applying it near the fulpended 
magnet, whofc {>oles are kno^. '"'^ 

. If a bar of ironi iflAcH is not ^^magnetical, be*o 
hejd5n a vertical pofltion> in North latitude vits^ 
lower" point becomes a :T^orth> and 'its tipper i 
South pole J and thefe poles may be reverfed in-;' 
ftantly, and as often as required, by rererfihg the 
ppfition of theends j for tb^ lo^r will always be 
North> and the upper South.; But. a few ftrokes* 
with a hammer at- the tipper eridj ' will .fix the; 
pples in their laft pofitioni fo that, after the rfi- 
verfing it> thehaitimered end will ftHl continue to 
be fouth, - though loweft. Yet> the ntagrietical 
po^r 4s much the grea<!eft: wbeathe hammered 
end is; uppermoft5 and the effc6l of the hammering 
disappears in a few hours; 

' A tar of iron being fufpended 6n an axis, in a h 
Very nice eqiailibrium, the North end prefit)nde- 
rates when the bar is rendered magnetical, fo that 
it becomes inclined to the horizon, in an angle of 
about feventy degrees in thefe latitudes* This is 
called the dip, and decreafes in places more to die 
fouthwird, and efen becomes inverted in places 
fituated eonfiderably on the other fide of the equa- 
tor; The bar thus fufpended is termed the dip- 
ping-needle, 

U i Magnetifin 



2^2 TMI M-ACNltfC t6vi^. 

Magnctifm may*bi gJvch' td a bai* ofiroh,^!^ 
placing h firm iri tke pofidoii bf Afe itfi^jpirtjg^ 
needle, and rubbing ft hafd blI-^o«*-iway *ia*k 
poliihed ftcel inftrunmcnt. Iron aMb^ftcicdiwii^niiigw 
netical by i^iiSori, ' and ^neifchJng^i^ iri' vhi^^ in 
the pofition of-thc dlp^in^nefedl*;' --'^ <- ^^ ^-^^'' 

The t6ucfe df i> itiagrtet tbiBiiiviifi^tk fBe*^lifei* 

virtue to Otht^ Iron, b^^t At <{xxiikkUtf of ^e^rSS 

which the fame magtiet can c6mmtkrtic8t8r-^e^ 

pcnds greatly upon th^ manner m which* ^ WfiA 

is performed: If two equd, il:rait and tmifi^ 

magnetical bars, with flat cndfe^ be j^lac^'tbi 

gether endwife, the contrary potes touchi0gf'«iSih 

other, they will form one fingle toagtlet, aiift^^^fiH 

. comnfiunicate a ftrong degret of m^netiSM^^ 

another bar by the following pttKzeS: ie^ tia^lifl 

mentioned bar be laid in the^^^ioit'tor^fte 

magnetical meridian, and fet the others, ^^atfiP'df 

which bught to be at leaft is long zs the 'Bai*^ 

be impregnated, be laid upoii it in^ their cdrgo^ttSl 

ftate, io that the place of jun^ion'itiay'bi'C^r 

the ifiidcile of its: length, and thdi- * |)oleS' ih Ifie 

proper direftion. ' Then feparat<^ th6 t#c?M*^riJ^, 

by drawing them aftinder along the {xiifiix^cf me 

bar, and continue to feparitc them 491 'tKcifr <^^s 

are at a confiderable diifencefrotti'its'eiidil^^Jb&i 

ihem again, without akeriiigthe^iif Uatiofe^SfftA- 

poles, by a circular^rtiotion ' tf *h^«ifiai^^1(b4ftat 

they may meet at^dme diftdA* -^o^^thfr^ecfl^ 

of the bar, and lay HhtiH igaltf tSpdi 4i''M'hmk. 
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?l^pe^. thi| opera^qft 9fi^bo^iwfi4^of ithc bar till 
Tbi?,,aw?#fHW?^^lig? twelve 

. ; Ajkif. of irpn.:f^^Y€i% !^ tcm^fajo^rc ftrongly l 
when k is fuppotl*^ i^j o>r iii, <;p|i^<5^ with, aiH 
q^much largcri: i^nd > cooohinnjiflRof magne- 
^kfi4fm^ ^l produCf a^^/nuch^ej^^r effedt than 
^.iuigl^ .Oi)je«., SrQft, fteel acquires, th? nwigiictical 
pow^ cnore r^dily^ but does, not pcej^ve. it fo 
j^g a^ kstirA ib^b On thdbi ifid qthier confide- ^ 
miitltSj «xpieria)ent& h^ve b^n niit^tipUedy. arid 
Tf^r^ys ineijiods^: invented of giving co fteel the 
^Utaioft degr^ of magpnetifin it is- Qipable of re- 
'^fpiyiffg;^ For q^ample, fix b^n of ftf el oiay be m 
vjT^pdcf^d ^ighdy magnetical> by affixing each fuc- 
ceffiyely to a pokcrj,, and ftroking it fcveral times 
(roffi bottom to top wth the lower ^nd of an old 
pair 9f tongs J xare being taken to keep both the 
^^^ecsmd. tongs in a vertical politioiu For^ thefc 
.uten^j. by long ftanding, in a. vertical poiition^ 
-afc almoft always polfefied of a fixed magnetifm; 
thi& lower ends being NortK poles. Now, if four 
of tdie fix bars, be imiced into a thick compound 
bar, the na^netifm of the remaining two may be 
greatly increafcd by touching with it. Thefc .two 
bars may then be fubftituted in die room of the 
two outenno& in the compound bar, which will 
become more powerful by the exchange, and the 
two, whi^h were taken from the compound bar, 
p[iay be touelied in their turn. Thus> by reiterated 

U 3 changes. 



Aingesy -ami' toiichhig,-**^* Ws-'V!*!! >tt lengrf^ 

acc{u^^'^ tnucblfla^netifih ^i}¥ey. m f\hfttj^]€ 

6f, and moretitoli tlifcy can relain'f^ ii^ loiig tiMe^ 

K " The force' 6f magnctifin is c^fttkl- thi-otigh^i^ 

fciVed, that'^ic-fuffdi-sthc^ialli*!*^^ by'^tke 
in?*rp0fitien (if ^ any foreign matlfer.-i*^ M^gfiei}fitt> 
i> (feftroyed by ignition ; ami a* hckted bar (SP'frotf 
is floc attracted -by 'the magnet till,h is juflr^j^rt' 
thfc-^okit of lofing its rednefs. ' - '-^ ' : ". -^o^r 

o ^-Thfc Joadftone is a ponderous ore of ' iSoir, 
uRiailyi ^f a di^ black colcn^, aiid'-hdfd e^ddgli 
©viemit fparfes with ftecl. h is ^ found in vn&0[ 
' |J^s ^f the *^orfd, and * pdffeflfes • a naffviml- mi}gU' 
rfetJfm, acquired moft probably ftbm-its limatioA 
pr-'*pcJfitiok Mith refpe^ft tothceai^h. - Thi^iiwagifl 
nwifm-mary bey as it wtt-e, concentratedji^^ih 

' nadc : to a6t much more flrongly by cowraigt it^ 

.:• polar txtremities with ft^el. - The lied ^thiis)^;^ 
plied is termed the armour of the Ikwdftofi^) < Ai^^ 
req^es fome management, as to ftguw? land thksfet>i 
ti^y to produfce the greateft pofflbfe^effeftvii 1^^' 
merly all magnetifm wad originally tibtaii«bdt%^ 
C^ommuniGadon/ from the loadftdnef, 'btit the^pc^I 
ci^ifchf^egi^^d^ftefeUbars' fo mtichfexdeeds, tfcdp 
<rfjtht^'ii&iturilift<*nei that thii' latter^ littkidflwwir" 
ci^^e«^lit-ttS^a!^' objeft of tiMriofitf; -The ftiagi 
Iteiifnf <if ^h^^^tefelft6ne 'fe^irt »lt ifefii^r fiomilstfit^ 
that^df'a^-^b^^^bf'i^oift' df-' ftefel^ -''• ^^^ - ' '-<'" «i:v-.^i)'j^^en 

F *" The' atti*^mbrfW tepblfloh- '^f ^IW* rtiagn€f<§^i'^ 
C^rfe^' as tU dJl&hee^i'mire^^; bu^ritft ac^rtBMgi 

' kJ .1-*' ■ v^-' 



R£LATIVB rOSWWN OF MAGNETS, ajj^ 

m* any. racio .^ the. diftance. Ori this account a 
imgiiecical baryvrhicjhi is ^.>libercy to afiume any 
horizontal pQriti0n»- a$i for 4:xample^ a i^eodle 
float^d'On wat^by means of qork^ or the needle 
of a . nuuriner's 'Comp^fe, being brought into the 
vkinii^ of another iin^^^^' ^^ a0yQ?e fuch a fi-\ 
tuation as ihall conform to the, attra^ive and re<-> 
pirifiw powers as niuch as poflible. Thus, if a^ 
itiipendod nnagnetical needle be (wrought vnear aiii^ . 
other magnet, it will place itfdf ^n:ia pofition pa-* 
liaUel to the axis .<rf the magnet^ if .tiic poles of ^ 
contrary names in each be mytiiaUf equidUtants 
but if the North pole of the fufpended needle be, 
nearer the South pole of the magnet than the twe> 
other poles, afe^^ eadi othqp,; its North end will 
be^gnoft- at|!raaed> aftd confequeotly muft incline,- 
fl>'that'^»the-«Ke%«oftl\e two magnets, will form an 
^(Ogte greaiier or tei^> according to circumftances;- 
Stdppofe'BOiw a fmall magnetieal bar, fuipendedib q^ 
a^jTto be. capable of afluming any pbfition what- 
ib^^eii,* be.j^oed* upon, or near the fur face of a-, 
very large gjcbolar. magnet. It is evident, in this*, 
cftft, bAat the wto ends of the fixiall barj being re-' 
^e£^ively^ajiitsa£ked biy the contrary poles of the^ 
^k:ibe, /will -always bd: found, in a plane pafling 
tfa|eoii^thj>ftl poles: ori 'in other words, if circles, 
or Jxwid^ns be;fppf)K>ied to-, be described on the 
gtobei mte^fei^liig ^ai^oijaer .in thofe poles, the 
magnetieal bar muft always^ be in th$ plane of one 
0F^th«tt9#..,p5ujs.vJts>rCtJMtipih*:wi^ regard to the ^ 
f^xi^-itiiiihii^ by the excefs of 

:-n' / V ^ attradioH 
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r ^qa&u/a V i^(h^ fieareft polcw If the bar be 
liifpehdeA ii^iticdiqitely oyer tUt J^Ttjtth pole of A« 
mkgmty -it ' muft. ftftrvd pcrpcni;Hciila%, " with ilft' 
ISoochi efid downwards ; but tf it be-grddudfyi re^r 

dip iii(J«Jtifing afiliprt of thi$^iVj)tt*e wiR c^life lit' 
giadnally • to infclihe thai way. At tfee cqxnltdir ^ii 
wtlteftp valid to the fui-fafcej and in tipproach^ 
iog^^Jll nearer the Jaft mcnttonetl pole, jt$ N^oith 
<nd ?will ingKnc ^owarfls the fitffacei tiU at kngch 
Ifc >witi Jfttod perpendicularly oyer the Souih pol» 
frf dicgrc« m^ignet, -with its iNwth end down- 
wurds. Fo^ the ftfec of cencifefieft, tjhe potest of 
tte grwt magnet are fuppofcd no be equ^Jy ftrohgi 
which, however, is feldopi the caie, ; '" ' 

|t ^h\^ reafoning may beextmplified'bjrpladii^g ^ 
&iaU' piece of fcwing^ncedle on the furfftce ^<9ff i 
^hcriciU magnet or Ipiu^ftone, ' It3 po^fitiob- is 
6mx^ to vary ftcco«:ding to ife fitiwion w^h fei. 
cfpe& to the polea, Fi5r the ^me feaftm^* 'ftctl-* 
<$liflgSt'g^Htjy dufted through a rag upon a txi^gnfct, 
t^^eto it in S'Veiy.cwiou?r>nd'amufing"nifa|*rr 
lier. .Tho I^IingSi acquiriftg-^raagnetifm By- tile 
rcoiitaA, adhei^ ^ogetbei*, ^nd lo£iil a number % 
^filiait naagn^eftj which -^raWge thdaiftlves in cbil- 
-^foihYiiy t5^^i;fe^4^r^c>A!9 of thep6le$ of t|^S^^ 

$ *qi: EirtlrT|;4AfiilV«^0!ii^of '*^^ 
early fup|>afed3 thi^^^eib^bf t^^feiu#i^a9f|a 

ri^wgna^uttUlf ««idi«^ e^iiA)ii^ tb'^jie 'l^feAcKi^^ 

-^•^ line 
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\W ^fefcywrithe p#^ -fl^ilNfi 5?«th*.v £ittd^. t 

dij^mg.^ p;^^^^e^BiXi^ ;i%fff^^^ «rifef6crtj[it 

tH?; I^,L.Uj«gr^ lYlv^h: tlw.rifif MlWWWA J* ' iJWdft- 

afi^i.riiftSqeridiajivof a^yen f)faqff is. qal|§c}fri»e.Tafr 

f^^f(^ bQthiJn ai^antity ,fflyi%«ajc«iiQf !^ 
]§IPR';^ phenpmena of the yariat^t^ iajs ptf^wed^ . 
rt^-l^'?i?*gn£|^c poks of ^e Eai-^-iWitfti b« ijndl)!^ 

tionisperfomaqfj. ;.;: - . ,; ; ., - , . - .Ia- 
£ : nT:^rHa«fti(ffl ^f ^ C9»ppai% ^. ,Q«t jow^iw >3r 
Jfij^c^S^.pn^fi^ ^ a.given place*; , .ijhli^-dlt 
,4«i^aB6$fi3ood Hiape ia Afiica,. nwc Vlidcbii^k. 

T^iptijWi .t^C^K^M^ PWW of lh«K fiQBQptfi|,;4to 

1^^. yaif^ abpvi a°- to tte tBeftwarA*, j^ t6piii . 
>^ffi!^,*[« .^QH^ W»«y , 4ife^at « i H tt >tiqiis..:Wft 

je£t to a fmall' diurnalr chatige oi^^g^yimU^ti^ 
•{fi^*bfeS*«hotev<| wt.^»6S »4»iftie4lloog:<naugh 

.r,.t ■ ' • to ■ 



39$ BAU,9Y*^ HYFOTHBSiS. 

p^ aSbrd a fbilnd^on for a good theory. Dr^ 
Hallejr's h)rpothefisy though formed near a cen« 
. tanr agOj 1131 p^efl]e9 a$ great .^ fliare c^ pro^ 
X hfAnUty as mbft that have been ofl^edfioce* He* 
iq>pofe$ the E^tth to confift of- two di^& paits^ 
701 cKtcmal 'ftudl, or hollow fphere^ and an in- 
ternal 'micleus ok" g^obe^ loofe and detached m the 
Oivity^ haying the fame <senter of gravity with' 
ijie. external j^t. . Each of thefe parts he regards; 
»a.feparate magnet, endued with two po)^^ 
ibdr magnetica! axes not being coihcidecit^ A. 
cMnpafe-ncedic on the external furface m^ tbete- 
ftare "be a6ted «pon, as if by a magnet with foot 
jlcAcsi From. the phenomena he detcmiineS :th©l 
fieuatioo of the feveral poles; and thus explains 
the yarTatiom. But as the vapation changes /in • 
procefe of time at any given plactf, it 'follbw% 
„ that thefe poles do not keep the fame pofitlon 
ifriA rclpeft to thfe furface of ijxe. Earth, . and tti 
each other. This movement he account^ for, by 
ftippoling that the diurnal motion of the Eart^ 
yns imprefled fromi' without^ and that . the velocity 
of the interna} pare, or nucleus, is fomewhat. le(i|; 
than: that of the external part, or ifhelL Confer 
quc-ntly the nucleus .inuft feeip to revolve flowly»? 
to the wcftward, and its poles muft dcfcribc leffiart^ 
circles^ lahout the poles of the Earthy : ^d aa tije:? 
rdjativc' pofition irfi the; :four magnetkal poles r«a: 
each other> And to, th^. pcrfe3>of the. Earth> i%A 
€hanged> ^fo.miifti.Ufccwfe..rib^ direftidn/c^-thfit^t 
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cirfeife todid^i*d9fe 6f^^^ the 

dkfe^loii ' ijf 'c'h^ ^tixWM "" ^itok^ lifiiis ' 6bfe?ve as 
tbey (UH'^o v^rfcftii' parts bfthe^^oocanv ''Jn^the 
Atlantic ^dccair^to ' the' ' Kordi, tani*^ caftWard^* arfd 
all <yver tht rfnftiaft ^ocean; ekctrj^t in th6 bay' irf 
B^ngiily a weftefly 'Wrtetk)n 6btaii^i feiit to tlsfe 
v*ftward of a ca-tiif) line, at\^fch>tiiefe isno 
y^iatibn^ all aion^ the coaft of South Americai^ 
andin dbePaciffc ocean/ as fet as die i4<jth^de* 
g^'ce ofweftfcfiTigitude, an eafferfjn ' variation is ob£-/ 
Ifenred t^ and iit the ^hoie Pfeicific ocean ' bcfiddj.; 
the ^variation is 'probably to the 'vijeft/'xudeft^it: 
rftay be conjtaured^ that an :eafterly variation 
mijy bfe found in the^regipns to the northward; - ; 
- 'When the^yayitoion changes iquickly in running z 
Pl^ona paraiM, at? is the cafe in the fouthern- At^ 
lailtic, and gr^at part of the Indian ocean; the" 
Johginade may be determined with a confid^a^eh 
degree of corfeftnfefe at fea; For the niqgnew 
aairhiith of the Siin-may. jbe eafily :f!^fervediin>iiaa|t- ^ 
deriate leather' to* |heK«rt^inty of a lefs tn^r thaai r 
ten minutes c£\ a degree -, ' which iit the :fei5|fl»pnp 
Atldntic oodain: ahfwers kx afaoufc. twjibe^iJmy^ 
tity" m Iongitude.i. By^ir(kn{ariqg>TthBjrcdifGi!rfcd:> 
variaMtti; i^tfo-^rari ^^chartir tthel j Ioiigitxaifa:qmayL^bbi 
kftiowfl: ' 'th€*J)riftcipitf ift^diiweife^ift the ili^ayiola 
this^nifethod is/^the J«?anrof ifiltth^chvt ocfcaftoia^r 
ally renewed. 



JOQ StfPPOSJ&D C^pS^^P TifS VA]LUTIOTl« 

A The bdOk modfim opinion concerning the caufe 
of the change of variation of the ccnnpafe is this« 

Fjxxnthcjn(iagnetiin(^t>f thcr£axtb^l^ asftom 
the prodvfts geded by yolcanos (2^7^ f)^ it is 

cftablUhed that ya^ qujuitities of iron exift in the 
boweU of the Earth in various ftates* The i^me 
volcanic eruptions^ and the phenomena accom- 
panying tUfnif iikpwjfe Ibew that <^heinical pro* 
cciles^ on a fcale of prodigious magnitude, are 
continually carried on in thofc regions. TTie fcr- 
ruginous combinadons being varied by thefe, it 
muft happen that immenfe mafTes will be either 
more or lefs phlogifticated, according to the ^ na^ 
tupc of the procefs by which fuch change is nude. 
Now i? is well known that iron and i^ ccwnbinar- 
tions ar<; more fufceptible of magnctifm the niearer 
Ae metal approaches to the . reguline ftatc : and 
confequendy the prpperdes of the whole terrefci^ 
magnet muft change accordingly. ^ a 
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' ' ' C H A P."' K"' '■'•'^^'^'* -'^^^-^ 

'OF^THE ELECTTRIC MATTER J Al*b TM MITtH^f^ 

"^ AKD AP^ARAtUS FOR ATAltirC EkpikiKfWM 
. WITH IT. 

... » - 

T F a tube of glafs, an inch and half in diameter a 
* and about three fett long, be rubbed, bf re* 
peatedly drawing the hand or a piece of leather 
from one end to the other, it will become elec-^ 
trie. So that finall flaflies of divergent flame, ra- 
mified fomewhat like trees bare of leaves, will dart ^ 
into the air, from many parts of the iurface of the 
tube, to the diftance of fix or eight inches, attended 
^itfa a crackling ndfe; aaid fbmetimes Iparks of 
more than a foot in length wiH fly along the tube 
to the rubber. This luminous matter is called 
deftricity, or die cleftric matter, and will fly froiti 
Ae tube to other bodies, brought within a certain 

'A ' ■ ' 
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3Sa THE !ivSBPf)si»£^4CPFC0bsiift& >fciirH 

ft . If ft hDnu)g9!ti^6u4 b6df be fsi^i^iit^ m^ dt* 
cttad cubci fb 4s io-i^eceiTe defbriqityifl-ohi k;t3uisi^ 
the eledtricity remaiii at or near the end Oripwifc 
p^efedted, wktouit^iiig contmur^k^^dito'tha Mi 
of die;lacdyv it lE^.catied a^ nOLOMscshdiiftto or^d«:«i 

c txic; Butif^on tbecmcmrj^i :dieeftdEtridt))r4)^ti)^ 
comoimiieated ita tvan^ \ ysxt, ^tbe* bod^ isi raided) a : 

D cbadu£tor>/6r:adn-kdti£biCj /In the(lliSJfiaiI'te^q9e9' 
rature.ofthe abiioipliere, metailscXvibfianceSy da^az^' 

coaI>: and water are conduAors; ixib&jothiqr'bodaei: 
are noH'^oadudborfiA . ... ...,/ ..yri ^:.: 

s A.^ condudxa? cauinot- be defbrffied while . it xdn^ ; 
mufiicates with the earthy either ;b]sdbe£i::cofitafibi 
or by the intefpofitiim. of otksx CQqduftoar^; becaufev 
the ekftiidty. is immediately cconj^cyiad awaqr . ta» t 

F the earth. But if a conductor bd fuppocccdj^by ;aa • 
ek^ic> fi) as not to commuuicdteiiiiJj& the eos^i 
it is iaki to be infi^lated* - .. ./:.. .: . . vav-- 

G .The gfeateft quantity of de£lrieityi& to)le6le^ 
on the furfac^e of a non-coaduA43F/ti^|^fl it is wSb- \ 
bed by a condu<aing fubftince* If ttie>ubb^ b«^-' 
infulatedj it will alfo be put ihio^n ^li^db-io ftate,- 
fo that' fparks will pafe- bet^^en it and*4)th€lF neigh*-' 
bouring^ bodies. - - , -^ , ' • . . \ 

H If an infulated condiKftor be ^fearifi^edj either by ' 
friftion, 'communidatidn, {yi:Li 1b) <J^'^6therwile, jt 
will be depri\^d of its ei«<ariG>ltet4 by^he dmwittg 
of a fingk Iparic from ahyip^t th^rdc^ by. another 
uninfuUted Condu6toK> becaufe of ^e^feoility w«fe 
wjiich the deftrfo i niatter 4«^i ddnveyftd ■ thrtiugh its 
fobftancep; But m^'^otuiQfitdi^i'fiKh'^rly treated, 

are 



«re deprkro^- ^of ithieir . die^'u; itate, onljrl m ifce <; 
vicinity of the place • from which .the ^Ipark was - 
•drawn. . • » ' ^ . -^ -'?..? 

A mutual attradtion is « exerted iMWt^nt a bodyq i 
in a -ftate of eleftricuy, and oth^ non-eleffcrifiecb 
bodies^ which laft> if not large and heavy> will flji: 
through the air to the elcftrified hodfy where they » 
remain till they haye> by commumcation^ acquired) ^ 
the fame ftate, when they are xepellcd. If an un* * 
jnfulated condu£h)r be at hand^ it will attni& 
the fmall body thus eledbiiied^ and deprive it of: 
its eledixic ftate. So that it will be again attraf^d * 
by the eledfaified body, and repelled as before, and 
will continue to pafs and rq)afs between the'^twa 
for many vicijEtudes, till the eleftric ftate is en- 
tirely ddtroycd^ 

No experiments have yet been made, that ihew r 
wherein the difference between eleftrics and non- 
ekftrics confifts;. but whatever tlie conducing 
power may di$pend on^ it feems to be governed by 
the heat of the body : gla&, refin, baked wood^ 
air, and many other non-condu^ors» are copducr 
tors when i?ttade very hot i and, Qti the contrary^ i 
ice cooled to 13^ below o, on Fahrenheit's fcale, , 
beco|nes.anoi»rCpndudof,9i:,ele6tricbody.. . , 

Th^re is th^ryefore fome gi:ouo4 ta.cgnjpfiturerL 
that thci difppfition to wirfuft elcfScicity is. pno- . 
duced in meiiajs.bya.ycry .lpw.dpgree .of heat,, iii. 
water by a gre^ter^ aad in refio^ aod glafsjjy.dcr/ 
grees ftill greater ; or generally that there is a cer- 
tain degree of heat at which a given body may be 

at 
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pcrftft ■ cbfldiictiftg, " ifjfll 
^Aon-conduaihgj abbvii i;rtiich dcgf ceic betoififeJ 4 
' i con3uftor, iiad bcnteth/^M^ ffthh 

' be ti-ue; il tiittfoffaW, that tondu6fors ate'H^SfiSps 
SvliofS eleariC 'of hon^CDnduafhig^ "ttart H "j^fe^^ 
' at aiempefatui*e.far below diat whicA h ufu^ij 
'"tl^ atta6fphcr^,'^4ndthat nbir^coh^^ ari 'ffiBfe 
^'wRble conduaing ttate is pJatecl at a deg^'of 
* Heat faf'al>o^e the mean tempefattire. " *' ' ^^ 
n "Th^i eleftridtyis' real ifriatteir,'anff hot 'k; mere 
propei^, feems'to be evident from' a varictjrdffcir- 
(uinftarlces.' "Wlith it pafies" between botfibsV 4t 
divides the aifi 'arid puts irinto tho^ trnd^tltiAs 
' /g|;ilj in wWeh foiitid canfifts: It eirats t!ie rkfi 6f 
"Iig>tm every direftlon/arid Aoft rays'areVai^tifty 
refcangible, and colorific, as other- light is. ^^AM 
if light he acknowledged tt> bc'^ rtiatterj it isffcon- 
tfary' t:b reaion arid expefictlc'e to 'ftff)p6fe,^ fliiw: 
tfie ^liihg which emits' it fliould liot^'^Hk^i^*^ 
material. 'Keithei- are tHe <3^he^- l&fe^dfe*!^ 
at .its preferice; Its fitieli^is itodn^^ 
M folpiiurebus, fo th^tr whefc the "^mt^'k^^^kfttr^ 
'rcndereci'hi^l^"^^^^ Vititty-pcSfoiis:' »S^ 
.'piaiHed^oran triufu4l land "tfifa^^ 
in the he^td from that cafufe ' ' %1i(r<?^(#!^% ^ 
" js 'a witnefs of its pfefent^, 'riot oi^ fitJih^the,^ 
'iparksf WhichywheA receh^ed ffciil'^ ttfe"ta»^8& 
bf a powerful inacliine; ^'"^^S^^^^m 
Will pafs tlirough two or th'fee^ perfeift ffefidihg'IcJh 
the?gr6uhd^ but alio from dir|^;^^^ 
;^ to^ Be^^dtribed^fiai;1^^ 
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^ fq!j«^i4^^y^H r^q^^ jfggic.Uufe .onue after.- 
^ ^ , 4* 5**P ^(P^-f^ >^ •*.» JSQTj l4t)oripw fijf the o 

(^.k ij|a4^ ip,.'(}|i40^.^^9.9r cyiis^crsaroimucb 
"n^r* \^-.tke^ J^ * jUiP|JSr„^pp»r»tys^ .arc 

.^jwltE to ^^l^c„9n .^»rir 9»v..9^^ 'tbe.niiniiCT. of 
.fi^io4l*ii»^» sH»4,j|,rubb5r,af is3.tb.gr. is appUed to 

the equation^ .parts .-of the r^y<QlYit)^,glais«, which 
, kffi^ifBti.fi^dukiX by (he As^toa. . Tb^ eie^fricity 
. oC^iie^/gNM; itrnceivfd lijr » mctalUe. omxlu^, 
. ^ioAiiff||;f) \ff .a.glarsrffWKk or fufpoycer.. This coh> 

<|)l^ . beiing : (xui^futtl)r,, eiofktficd* And. ^t ^ the 
„<iune, tiwe jfte^djr ao4 iwdtMwdfife, is mucihbfcper 

ji}4^5^.,(5ff^i{ifik^ than thi^ ^(^ 

^ f=yjiBfiWj.<^ |!I*U?. tiiv|« ^ttcid jip to rr^rolv^ '(9a p 
Uk a?ff8,,«W^ ii^pj^i ^^ * rul?bpr .aod iui ^ 

;;1ife«i^?^W!^^ <<»r fHe «v<^ytH>ii^f the pyi^ 
,4er ^^bf; I vaiy in <li^^$uit . piachii^li ^ p^t- 
_!«9C? t^irij^hpfi §f ^■y}aftii^_.^e. c<^4«jj^, ,' X^e 

The g^i^^if^i^ q,. j^. 9p!p foot..in.4iJMiie<w; sS^ 
ajjactcfn i^q^Jlyn|^.and.'i|,mnve4 by 4 wh^ 
. and ihring, ij^j^tk^^,,ttie 6^k^mg: TJ< rubl«r 
.W cvOuoA.is^.fi^Hpt^ t^ the cylinda^'^^ 
two iq^ht &nnm thwt appeac beneath^ and are 
.. Yot,U.'" • "X "■■''^- •• ^'faftaf^ 



3a£ .Yunsi'tifiatiiic-Jiiffi 
fltllened to two crols bars <^ I 
dtnaor fupported on two p' i 
-the end neareft the cylindf i 
and at the otheHtod 'dic^-'' 
of a wire. The b Jl e i 

conductor of a mach' 
magnitude are from i 

diffliflE;^ and-i^ 
, lsngi;^fl£tjip,>wb' i 

The working.ip( I 

of.yajrwfhpd g" I 

inad&of ttr I 



■uii*caw^ifl»feo«*JDt3Potoli's#'- ■^^'^■» ''■ ^ i^ :f«*':jL'n'. 
"^jl^RiY little ckiflSrieitJ? is «6^»d^ b/^A^^fSc^ S 
31be7iyfoaf9^?]Mri^le<^r-Ctitff^Ac!ey> ^r prodtidng 

-.KTrj«pa'wbbefti(rfi(«>^)}lfeftric^r'm ?S tttbrfly t 

BOiafle <)fT:^o& leadiel--ftuiFed \vith haii-y and the 
nihbqi^^^& Kiil«aii^ l^hh an aln^algam of 211^. 
«Kl.?ipftcfefitoro^ih:it lictie callow^ the ^n^U 
k^^(9ijgafk>Ti3aMi asf k(% have the^ C(infiAeac^'<sif » , 
|«llr.gniX^3qgl^idylirider in its rocatSon^ {>af&hg 
%ilri^anudbij)9hiL>ty9 mcttilic foft tfubftMcei^ bei 
<i^^sa'd€^ifi£i4^aiid^iks^«le(^i€ity is prevented^ 
%i9^i6}flng^t>add)iii ijiarka t6 tbtiXUliDer orilfaeing 

tb$tr6lbbcfp^nd |>^ing; thence .half ^nay rouUdL^thS' 
<^Nifi^n)l^eb whiohthift adherw Jby.lthe c)r6tiac:at<>r^ 

. The deftricity thus excited, is much ftronger i» u 
drjrfrofty weather than when the atmofphere is damp; 
and cocifequeady a better conductor of ele£bricity. 
The management of the operator wiU alfo make: 

.HAH" X 2 apro- 
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a f)rOdigiotift ditference: No theory ofl whwHap^ 
pe^sltl thti^itdimion of eleflrica, lKis.'beftzi:iofferbd 
diat defet^v^^tobettleittionedi and itds cnringito our 
iif^)etfeA knoi^dcdge oftidiis ^)g§e^;th«tidie iiaoft 
ikilful operators liiccecd b}i.:an;ialtt:entixnit:)torrQtr- 
4euariftMees rob^ogco cshe.ccnfi&bce^fif vdK!>iaiii^- 
gmii the ro^fatiefr or &DO<)duidsjtfiiiru^uiia^ 
its freiknds^ the pofition tftd nuna^ODDcntdofcthe 
(filki and other matters that can hbrdly bo defciibed^ 
ip as to flffiit the yo«^ ^leAsictacu Tho &Bow- 
mg'diroftioM however iiicceedvfrrfMP^^ 

£vmy'{»i« of the j^jpant^ Ihuft fee> iCMblRdiy 
wiped «itk ii dry waiMi clotih> orinldyfilfc'Jmii^ 
kerchittf^ in order .ths« thereleAitcityi whomicftl^ 
ieded>. vmky ooc be co8duA^.off.feyyiadjbi3rif|g 
xwi>iftur^?©C dan^ (500,' rD ). ' 5^M mvdgafd <M|^t 
tb abound wih quickfilver, «|jbln h^iii^:.m *8RC 
tailow tiian is fufficiem^ ^km^f'f|^flfi^tQ^^m^^S^ 
dttTi juft to dioiintfh m bagbMe^>?whotic^6;Am 
ing; It.invft be rtibbed w the rmf^ fdc^f^fna 
vpiece of leaihf r> .paftcd^vi ai^pand^ 3« mrjp^iilmii 
qoofitity.: The cuftiioo and ftBti >inuft/ bKr iciw- 
(fidiy iDTuihed lor wipedi b^ifore it'.isfput imits jtl^f. 
iiEids ikiDe>'turn back thp filk^io <thati itsUloofe 
!part;n)iiy> not txaich the cyltnder»> jand^ begmiitd 
>ouKn tfae^mdchioe^ at the fmne>vjcinm^iip|)l)m^l(ie 
amalgamcd leather to the cylinder. Aftftbln )ftw 
rturtta^rthfi . daftrifiity will i b^^ht^i^lmu^'^kiid of 
cufljiog ooHk. <mfm 1 the . hoifd^iaad iivt(h»>^^JR^ 
m>m eheni .th«r:i4lpi£F»^ed(}£t^ttor^ 
filfc .o»^ the cylmi^h^4:o^s^Qh in'mi^ivB^ttftQ^d^T 

• adhere. 



sxcfnr ATfOKn or «fWTjt«n?r. ^^9 

•4hem« The fridiait > viUll . now i^ifi much gf^tm 

: thdii befere> m will be percdved bjr^he dt^^y 
q£ turning the faan41e» ai»l:iiir di€£tri<:ify wiUJie 
Hbgsi along the edge ef thofilk 10 kmg ^ytppjoig 
ramidciitidns liidt tiait tma • the .^ ak with noifc 
ThM£s>$pf -Ha the. tpoiata of ^Jcfar :{nime. .oacid^ 
ivliitii>«pi^tiod'> and/lDij^jiniran 0f4[fai5;i8ft, the (puks, 

^ftta^Mb^ dn»Ri> oeiother expa^fanents perfoxmod^:. . 
:^ it is^ not well fettled whether -ai^yclocitji.-of w 
fcsmcibd {n the ^iinder, greater than tbcL taod cw 
produce with' a Kfinglr-wiiich, fa«yo£^ ao^n 4dia^ttgc 

•llM^ffoicky;' JF Kmv 'a.jf^- trials^ fiot^ii^i^otly-'V 
dJMlrfiffedy^vthe'faft^feeaas to ^ thail:thete><is^ i 
lkOTt0m^^vd<?<&Uf^^ turning bpiijjicItimQir jdbt- 

:^fJi^ii^4s'^^lo^^ gii^BH |i!Miib0r of^tcirm, 

^idtol' &f ln^'^lisbfty cpniideraUfi^^eiMr ^iteft; 

^^ tittt^^riaA ^dtifo-y^^eloiit)? is leafll-'Vheii' the 
iiii^sSliSrPt^mks^^^^^ A cylinder of fevseo 

|fii^4QMMKcsiPMlik'03^citsd) u^l i afford ;itsn6m^ 

^mjism^;^ ^tl^idty^ Inr a turn by a QaiAderact^^iE«v 
ifnl6ft^^^tlli' a^Agk vincb^ and the^ndfasiioQ .jpf 
{h«e^(yi! \tlll;iKiijd«r the- turning ^fuftcientlpikbo}i- 

^jij^q £3^^ :^««i^ther^ ihe : labour of ilie i o|)et^t0r 
ijf^iild^ toi.betteF dmptoyed 4ni pn)diickig.tmdi^ 

v^tufus^ aPgf^Qn4ime:by ntean^^ aif JwhejE^itho^h 

)tih^«fitpi{4t^(mi.'«(^^e itfs poi^erfi^ lo^be 

'tJicid^t. - A '^ *-"- MUX.:-.:, 

f 

to ifijiAe£a4MEi|^am^be^ap^kd on the cuflifonr itf^ 
-^Stt^d^dl^kkp^std^&iiikta^^^^^^ he 

t)fte(»^td<(^Miriy ithb^be^ dna^ghf-a^ fbcmg. 
'vWhsdw«hft^fe^a!^ie4eftther-is::t^ necefiaiy 

X 3 to 



..-.*••- 



to apply it to Ac cyimdcr fiom tihie totink^'fi^' 

keep tjp the fcxcJtarion. Oftc rf^thfe 'chirf aflVah^^ 

tafees of this laft method appears to be; HJfcat-^a* 

ftropg cxcitaiion may at any tirhe be'^f&dilttc^^f' 

taking ofF the cuflHOit and wipirtg h Md^th^ figfr^ 

Tcry clean, ar the feme'tittie that thl!'^ athalgitrinl' 

is fcTaped oflF the fcathcr and 'replaced' by -^ii' 

fizeof a pea of freih amalgam; whereas ^m^tfi** 

other method, it not imfreqtiendy happefis,{^liM 

the operator is obli^ tor have retourfe '-to^^^ft 

variety of manoeuvres wichow-fuccefe: - ^ ^-^ 

r If of two conduftors, ieparacety H^lafi^-^^ 

be connected with the initslat^ nibb^,^' 

other placed near the crlinder , ib ai to 4>« »^^i^- 

trified by it, they wUl both edtibit fign^ io^^^Ai^ 

tricky; but diac omduaar, which h^ eVi€^m6t 

by the cyfinder, will attrad: thofe^ bodiba^^l^ 

^e lepelled by the other 'co6diUJ^r<d^i^M^ 

teived its ele£kricity from the nafeb^n * t/tMf til^ 

.condodlors, if brought nearea<^ dSibty #af9ehir 

fparks, and aft on each Other ift every ri4l|)Wi 

ftronger than on other bodies. If thty bSlSSAl^Hl 

into coHtaA, the clcftricityof the onfe^^h^cftli#f 

that of the other j artd notwithftandihg Hftrfi^Bw^i 

trie matter appears to flow or paK^firom tfi^^^firiJ 

d«r to its condM<%or, die two thmtroHj^n^^ 

exhibit few or no figns of eleftricity, ^^^^^ 

t Thc*«^''dtonotdaiinglji(h-^^e'y^ 

^ehkhi ther.ekarie niatt<^ moves. The hfpti^USk 

moft generally ^ admitoacl, ^i^ tha« >eUift?fetty<4!s ^ 

vnlfbrm fluids caj^aUe of\being I'iij^fied^blf^l^ 

' ' denfe^i^ 
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djfin 4?l 'flWwal tp. ipi .,- an4 ^(^t-ti^e^^ cyti^er,,affi ., 

fefftpj^n ,^r4ll»Bri rf<w. "ffleft- t}^e,crql%:r£ t^ .-at-: 

tjhat is, ..Mnkfe -it .bp uijinfplatei^^it;, caft,^?ft(^u;Ji, 
but a very fm^l a'?«MKity WSi^jmikvA^ .jS^ 

qOHriSr^f thft fik^^,flWt%it;f<^QW5^:tJ»aa-flw 
q$^^tpi}tl}$ ar){Wu^r!t<:<ii(»ai^$a|j#i^ Y#b^ 

^HMfWfiJv'^Qf*dM'l*J>9r«eiit«iy^i*nd t^iat^wji^ 
««!^i #F^|he cyliii4err i^|;.tl»^laj9jie Maijlj e^l 
^»^«jSsff«j^e%»»Li/tM^4<iy,feai(l-.ti«j 9ftineri ,wlw^ 

faiTi£. vu .. -J- •. ^ t ■. ;),-'.i.-' on tct wjI itaidxa 

.«^ #»yfl¥Kfi^l^t^SHj:<»4*Sb9l^t»h<Ch:dfl8iycftoitt . 
Jv.Hiirb X 4 angular 
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dnrfar^higiciiheiof ckftncJigN^^vdii^tfben^diK^itft 
^Mttn q tiid p^MC^ titftK^ ' aqd ' tto define )iliiaeiko« 
mfina ^ifiUtibb diiitck ^dirnimf&ediv * B^it^rin^ dan* 
^Aofi irhioh isifaakinbdied wnBi tbt nihMr^ thoogli 
iiBvrffi9As; iie cqualfy ^mtni|htd bf a flihBar civf 
|:#Qfaft4ticr> nviHmeyer etshibtt thcf Mm df >ray9^ • bvfc 
ia^'iidytippM at ^He ^pcmt with ft-firtail gk>bubl« 
fabdy 4>f ii^ht. The tone : has been thought » 
wfeftible the wtihm^ out of ernkting of MglM^ 
and 1^ globe the appes^Dtre ef the intbibii^'tfr 
entrance of Ae clcftric ipattcf; whence tfce sasot 
pf.^^Q&nytr'tk£ttickf has been adoptdd fordnt of 
ihceylitadcr, *OTdiiegativefbr thacof "Ac riAh^, 
The terras will be tifed in the fame fenfe, in^htft 
morky thtragh irnmft be ^ronfcflStd, 'that {!fe>^re>-! 
peitxy oP theh- application is Mh doobtfirf; - ^' -!'• 
. - If tleftricity be produeed by the esxeftatkteofra 
g^<Sbe or cyiiade|» of fblphor or refm, thc-Aatt* imS 
ijercvcrfijd-; tiie rubber wHl brp^tr^, aiftthfc 
tyfindrr, with its opqduftor, wi}^ be ncj^tiw, 
flhis. was fownerly thotrght to dttpetrf^tiafithe 
jidtiSife of ' the e]e6itic body, ahd the tv^ir Saastssjf 
eJo^icity ^re *diftiriguifhed by ^thc: nimeariof 
^trpmrf ' ai|d' reflnouselefbratyi^t^biith^"?!!^ 
ifetii ibxindt; tharthe diSenenbe^ in mdflrc&^S(> aH&i! 
bbm I -the ictltxkrc ifnxxhthnefi IdfioSt ,'ioxB,v:^ne3£ 
lie cfc(%xb bbdjhaftd aw. m\^ ^)xnitimj^^ 

with each'.OChcJt,'ihb fr )yn:':[^ lo '^0f1;:)^/p^^'i^o') ni ^d 
^i^ JtrfeOTK to iaflajlMifc^ 'ttotc|:Her^fcidtrtheffii)fiIthe 
twb^vrhocties ; 'Ohfiainsr jtbe// ^u^ IlBatkfd 

^ wooden 



posiTivB AIM ir£&Anys)in;EQfflRreiT7. ^fif^ 

!Aic)<itim(k:3fikdfer»^:nR^Mi'a ibv^ptk ri|ihb« oSIo^M 
filkivb^GDfiioal^liatitiey btitTWith 4 rubber ki£> Am 
frt^ ^ff3iq(itii;rel> » i > Glafi^ ^ tmaide ^ Tougk, bf gradiig 
mib ais£ryi^^hxcib3i)mtii htw &^ mum 

Isdlow^' and> wiped*iridii a dbth> tfaen.i^ oUjed fitt^ 
iyf Ttitibirlg> ifieeomes - poiiftted^ 'smd tbe tubb ihe^ 
<!i)mids wegativcy as* at firftri^the ^oiled.filk^fcA 
^ar^am nibbed* :inth \riiiting,jit excites a: jpafidve 
ftxitextti'ihc greafed tabe; but wheii^tbe fiflc faaBi 
^gain 'acqahrd w poliih, tbe^ fube becomes agafn 
ttc^ttove. Even polifticd jgl^Siiitmy be rwj&ttd 
pe^akhre- by rubbing With tJie liairyifideof la eatTs 

'^^^l^^^s^ poffeBftSh of fimaar and equal: ftates ^of d 
eleftricit]^>'tepehcac'h otker; bodies poffefledioif 
0j^pafite ftatcs" 6f .defirkity, attraft reach otHer; > 
i^nd l^od^sin a^mean or natural j9i:ate are actrd%64 
^ iftHcleftrificd bddifes whatever. ButxEsrife hasrc 
fiaL:c\pm cdndqttion, or adequate idea, ^ cif. riny 
trieciHCnifcttl'- proccfi by",whkh lattoiftion mayiKe 
^SAtafedf^ all^/ OQf reafbning on thdt*fal^£t : mnA ! be 
^rcJyriihypodietical '(i. ajy ^x)>' for'wanp!of\ppd>* 
imble ^grounds do proceed oa^o IF/!evflr^*tkkr>tjiib.s- 
^pmy ^f tnaftter^ ^htxfe ori^ ast^preftnt isi ib ftrtttt 
lunderibodj^ ihould beidedoted fromiibrnfiriiinn|ddr 
jpaiifi|;rriserr'iJv'^iiQatdceafon itOBtbMd thatD^ wnU 
be in confequcnce of eledlrical difcowcmsi: '^ i - '^ 
^otlfictKbditfomeddi^kbe ^ndufbolk* of a nnaclfine t 
bt'ivStU pol3hed>i ahdr ^ilr^bQUt corners or angles', 
?i^boov^ it 
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5^4i 1LECTR*|5t apnaram^v^ wjbtb 

iC'IkUI* iaeum/k$ iJbdrip ftat^ very MclV and/ vift; 
imit ftrong fparks upon the approach: of aojr UDrr . 
^iii(ul^c^^:coriduiS^rv Jf the. umnful^u:!^ cofi4ii)c* 
tOTflie; broadf round^iand poliihed acrche ^eodi ^t^^r 
%Ark&;wiUthe &Qrtami"dep^« and will p]3od)iqe^ 
a^tftonfidcrayr^ibmidr i^^^ broad, the/pvk wil|. 
be^p^ qrodke4; anfi J^s fqimdi^igi .if tliifcaM 
ba^ll more dhflin^ed, the. conduftor bcgUi^^to, 
€0tnc vncJcr, .the xJenoipimtipn of a ppi^ited bi^jr 
(aiU.A)y the elcftric matter paflTes to it frpoji 
t|^,|»rime condpftor, » through a grj^at ip^C(?| jpil^^ 
a^, with a hilling or ruftling npi%, and m a gop- ^^ 
tiQ3ja|r ftreana i.-a . ftill ^eater ^baIp^d9 enablcs^;^.^ 
i^j^jcity to pals oyer a greater fpf^t^ bvi: filp^vfe 
and nothing is feea but a fm^l light upo|^^,jd|ej 
jfpm^ If a f^Txal^r jfoint ifluie, froiri .th^.^priflg^^ 
^i^U45torj and the uninful^ed .Qopdu<^pr bejip^ifj)^ 
aswlpolill^ed, the feme e8e<3ts IvapppQ; ijpi. jiijf jej %ifa-^ 
tic?fjSi but if botlji he point^dj the, ekf^rjo^^^. 
more readily difcharged : and in aU f^^k,(:^^^ 
;^j>peaj^nce pf the ek^c. mai^ter.f^t t^ ujjfptiof 
thcprime coiwltt^or will Ipe ^h^ wjii^h ijyjpiq<fuj[;jnj|^. 
tct^m elearicity, ^ larg^ diyeig^nt ^ane, if pp^^yc^ 
lyt^/aiaU glot^ul^Ji(ght.9r ^^ ^f ,. n9g>ti>^c, ^a^^ 
th^^t at.thp^ppfnt^pr^^ed^^t^^^^^^ 

dMJ3f^,wiU l?e, ^^ii^tiye ^,C:t^ 5mWif^&a 
bjQught ^^.tl^c.ppifit,^^§;^^^e 5}H^^i?^^^^ 
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ei^ftriJlM'wire, thns '; ta At inidaie^ofithc'<?}^ei%^ 
rathifr tetwee^n two-mtti tH^liV in' tKtf'fk'rrife'fti^j'^ 
i^ affijcoJ^k Vent^f-dap like-fltofe'tiftd in ftk-^etrai:' 
piir^S, fo th^t^ the wire majf' feafily be moved on' 'i' 
pbbt in an horizontal direftion, as ' 'maghrtJc^-^ 
needles are / And die* end's of the wire are pdlhtSS^ 
kh(! bent contrar)^ ways/to' point in the ftire^ioii^ 
of flie" tangent tb die* circfe d^fcribed 1)y ^Kefifti* 
Now lir this wife thus ^firipended ' on a'point/'l^c 
ififulated and eleArifled, its fiiarp ends will be- 
cbrAe iumihoiis^ an^ ft will revolve in* a direflllojv 
ciihtrary'toth^t'irt which its''ends' are bent V*^6f' If 
it* be fuil^e^ded • ort an uhmfulared point,' att'd 
biroii^Kt neaf the eleftrified prime conduftor; tSii 

i^memiidi&w/ '- -^ '^^^'^ 

*^'lt%ay be thought ftrlnge that ' the air ffiotifit o 
i8lifcPjf?ftn' kn eteftrified point, whether itfe elec^' 
fnclty ' Be pdtiiWc or negative. * It is e^iy to cbn^' 
i^eive tHaf^he'ilfuing out of the 'ele^^rk*; niahei^ 
nliyc^t^fe'th^'^aii-'ttf^'Aove in the fthie^yif^dh; 
but^'lt •a;^]i^6krs ftlange/thar the eYtatit tiiiMi 
ruWng'^^^fd^i^'a^pdiHt^^lftdul^ the i{¥% 

move'aireJtly Wi-aty;'^That'4^^ W fky,-likem* 
i^orft'^tfi'e^fclii?. '^iiut^tf^e'tii^uh^ftaiice 'bc^exw 
^^/^y^rflM^Hlatko^^^ wiU vaitiffir 

1^' it is highly probable that the cledric matter 

pafTes 



f 

/ 



1 



^ UQ^99^ /Hr .«WCTIII%S0 . AIR* 

pa0es too fwifUy (i. 40, z) to excite any motioit 
in the air but that undulation wherein found con«- 

m 

^ fifts (JS^9 n); to which nnay be added that, if the 
cleAjric matterdo afbott theiair to put it in motion^ 
the air miifl reaft with an equal forces and there- 
fyf^ih»t jigHr«TO%of;ia*y lAjwa ag^oft th?^oi|j^ 
<€ ^^tfid^m.^MtV rouft ^^ it^ appp^r^wje, by 
f<53i:»rdyig/.tiic- «ays^md.deflefting thoTe Jigiinft 
whi^.if %^cH{ro|3liquely; ^ contrarj^ 0^ ;j«4tich 
is, by q/iff i^fm^t. fe^own to ^^w^ fw ^t lu- 
minous cones (314* 3e) are not fenfibly afFefted 
.fey iMch tr^^Woffl** IChp air beiflg tl^ys iiu|ifihpc 
4AitC|^^ fumionkoi the ek^ic 0}at(Qr» its jnoion 
iwy jbj^j iih«^i «>! iq^m4' 9A the ^a^iihed !prm^ 
:€i]^:i£.f\eSi!^i^f.. : The point; . is -eteS^ifliid 
^*er tpft6ft««ly jflf :ajgatiitci]^ wd.tbe ^,niai- 
n*cdwtc^lb^'Opp^fil3e..an4 fiimtipmw:toJito{fxriitt> 

matter, become, {boa^y pdfi«fl«d of 'JiA 4ii3&ac 
.fiate ts^ the finsoe kind wiih tb^, iof the -peitff *• it 
i»3ihi^«fQre repellwi:,(jiji d). ^ «plliQt4ii^ 
^>th$»r:dit which ia i^p ele6lri%d i^nd^repeHed, b^ 

rwhicAvri^aiia $ oei^flaittilyeanv.is.pfoduGj^r^bto^ 

ik^StQXa the-yo jnti J md f hait r eq\wUy vdbeth^r ^ 

.ddSaisfttpa .be p^^ or ro«|atiyic^ .A«ifcods 

..dSfflDons^mi reaidi(Ha. ajnd equal ;and:i:oaii2»r]fi^tJie 

fmq vcp^m^.t^ air mu&itfdf aiHbii^i9)}i3tipit^ 

;peitodi in ijiei^fibti1ary.dire&ioa; !^K|»hceiibeiJMisr» 

zontal wire above defcribed is turilodw?.T|tadhdi«t 

: eabi^5 Q<^ B^v J3anriel;jr« contrary .^iik|pfiat»iiaiKlich 

jthev ain ist moygdr ^r t^. .thctditeaiQii f^'^MBtek 

i^mts. 

G H A P. 



;.jii<^rf *v-'V --'n/'j \i (': ,ci a) yJAwI 001 2!>Tlsq 
■Hr'-j ,3,^.:': iJtsLl'.c --'i \'yu: /i'v-ilv/ oj »(> ,^d) zfiil 

-^l^fii b lf> ,'M';i ti pr^ flB fh'W fD£31 ttum llfi ^ril 

VnplrtE Hit, being a noft-co«ltfa(6^; ^tfiWl ^ h 
niMij.^cUSkA among dearie bddii^cj^^i^ ^^jpiiMe 

tecfiiioidl air recttin$ 4t9 «iedryi! iMcd mikh 4)iq[ter 

than fiBw^tdd d^ wiiih<9Ut that drett»>iftiidi!€f;.tdrto 

•the cdeftrit^/ mattes: c»nnbc ptfft^to^w #(i»i[^^iAiie 

.meidMe ibbftarice^werenot mt^aftel. ' • ' *r x 
' Wteeti a^ it fpoken of us impermeable an^ eltd-* x 
«^c> kvmsft n!&t te uiv^rAobd'as be]f% pei4e^ 
^, btiii s$ l^trrg ^ndMy cbmpbfed of Den^^^ai^e^ 
flngcjjp^utdir There iss al*«^y^Mffidiilim^>«iio^^ 

wibodm/in a'ie«(^ i^ours; It is<4fk^ire:^enyRtiible^ 
oBtbr aIl(T^dloi) eltaftf icb afe^ 1»)i'tkf>iStoa <^ theoslbe^ 

irabdfcckToigh'iiri ^1 bo6i\:'n'^h svooe ^liw iBjnos 
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«nifi»l bf.Afi tk&m i^au^er.pai^pg^ougHj^jfi^ 

parts of the w ^if^ wi^ch nb^ lo^ !f&»<il^&^^m 

tricky alwityss.tfQ^itt^' a owviiiftqr tf> trpabjp, jt^jp 
pafs/'frnin'one ibodiy to .^i^Qt^oi), r FpriC f/j^f^ 

i}V)te jjiai) ; thirftyi ijg«>(l^6$> l9fig*> be iiU^ ; M^f l^i^ 
log morciay;, and tJae^ ends ti^(^rj;fcUiftt«id^ 
Ukcwife owtittning , xinercui^> 4 dQub}^. ib^i'<¥$KK$S 
(3i;b) willJpc f«OTCd,,whql'e uppe)t:Qr Mcl^difiM? 
wilLije abMutely void .of air.. Xh^.if one c^JlJffi 
haion&iK* in^ulabied and ele^i^4 i^^. ^^^ffSf" 
vdU jootpafs^/rona: thp n^^cpry ap j^we l^f^SW^ 
the void^ita that: in (he^ pfiUe^i, i>ut Hpoq>?94s^' 
ting ia finall trnt^^k o£ m it *» iwwe4il*% ^ 
pafiiog > thfsiugh ^ itht& ivaca^t; fp^cp.> , ji^vtl^ j^rm^^ 
bi%hfl.&iftics .priflanjc^, ;.I|i d?^.]#cu^{n.Bi^f^ 
aiTi-pump thp cle^r«c roatj:er.\r^ P»f? , %»d jigpeaf; 

Iwiinous betiwsit o§tfidu«aprs,, ,|?pWoiiift?iVi %?9%r 
- forming a beautiliol appcar^occ, ^Ij^t jY^^'MWt^ 
fdiaBtobles lii« ttortfe«j[p %J>u qr jgjjifftr^^^K^^ifs. 
Bim it is found th»t.4n high degrec§<^fjcfe|uftf<;ftj 
the light is. Ms libc lefs ajr is.lcft ii) jhe \mwffffo 
It.fcerii8j; on confidcra^oni^qf Jth^e ci^^ 

. tbat:diej<?karicjpaj?Eei^ c%9fio^ J^i tbr^¥6lh^:^ 
ntorc,perf^,yacpMn), for:iff*'^t,,Ojf, a^ qondy^<^^ 
hm>tk»i th^ <;eoduftw&.paft..p^;tli^. aif> wt^^JBo^ 
tBocigc^^aofw^ps ?fee^w-pefe, wbi^ thg j^fi^i^ 
of jthcdo^ric^part,; being, ygry fo?fdj,99.jf(j8ij|fd 






«. i>v 



limn it ^an pafs th)A>^h in th^ <^en airw ^ k> :^ ni.c] 

Th» opinion iS ^xtiM^hat mokti cikiflrnKldi 'b^ l 

the obfervation that t^ cleftrie ^npott^v fet<e6S con-^ 

dki£&)g bodi^i inttf^ks '{^th. If k drop ofi t w^ 

be^liid^on^ the prime*<3&nd^or>:;ih a^^pofitiyccfltappj 

yepjr long fpafks maj^ rbe drawit fVdm ^ty-tbe xlfop 

will dfUAiea pbintitd or comtd' jhape, and ^t 

bodi^s^ Which ^ane hel^ near-itS/ia^ proo& that/xha 

wattr is thrown off. If the-^ &mei o^rimem i b« 

made with itidted fealing-wax, tht 'txpp^mcd ig 

1^ pediili^r and atiiyfing. The^ealitig-^wjueiinidb 

W-'^cippeA xyAiiir ftn^k to ^ the: fide* iofixdfecpriifae 

cenduS:or> .afnd^nfter^^ME'ds^melted >^K4th:)a * roandlfi ^ 

md ^tfi^^tiAtfduAdr l}e dkaiiii^ ekbdrx^pfi^ 

^dj^ ^'^fr ^gWivfely^ tte-drc^ ::of' 9(ra)g&ib^O]tifi% 

f^t^y ^^t& ffiod^ &> nvunbdr 4f fine thj^dsi^itxK 

tlk^^mM^ «Hfci iMftaiiee^'of feVerd feeu. J3f hii 

tflft^^ Si4^^h*^ftme ' ftate of ekftticity^ as ;chc: 

^iiidSabPit ifltth'fi^ ♦. ^ ,..;.;uo: ^ 

•*ife-^4^^i^ehiWkiibltf that the dro|>* ^tf waiter whadiiM 

ffiftHfis^ Jdfelf ktCK a poiM by elcftrizatton "doesi nofa. 

pV^ (the fpai^ iiHieft negatively ^^dearificd. . Hhis:^ 

pi^diy is riot, hewever> (jeculior to water^ fauti 

cdttinfibi'^ all itry^-ihort ^««nt«d ^ohdu^ors} that- 

rifi^^dtit'W ^oWiei*ftrrfae* neariy pUne, ^diofi 

{mG^Hhty^^ A*^lh^|>^!h^aMic'pdim rifingt jbcmr; 

oiie'^tliSftifeth^^of'^iM inch otA: of th^vfijrface 4Df ^ai.< 

bi»^6f thnse iifefiei dlahifeter, gave fp^i^ks fivei otc 

fi^^iJitRe4^ih^fchgth^\^heh pdfitive or eimlktiiigiifeoe 

cIiSS&4([f^ matter -, but the electricity pafled with- ' 

out 
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w* ipfliks, and with fbucely mf noUe^ icfaeit 
the point was n^ative or recdviiig* This hh^ 
be an u&ful ciityym tfor> diftingniftiiag die two 
ftates* 

N Fig* 164^ refKfems aa ioftnuxionc JordiftiQ-- 
goiAii^ che ele&nciiies* a and n ace (wo loi^-^ 
trific4niUs, <hat wwy be placed at. a gmiM or 
kis diftaace from each odief by meafts^ciCirii^joiat 
at c, . The two branches or fegs ca, cb^ are var-^ 

*" iiiihed glais; Ftbai one of the bafla Ay^^nce^ 
a Ihoit point towards the odi^r hM «; -tf Ae 
two bails |be placed in the current er-eourie'^ctr 
cle6b:ic matter^ ib chat it m^y pa£h tfiroUgh liup 
air -from the one to the other, its dire6B« w^ 
be known* fat if* the dedric mat^ser pad from 
A to B, there will bea cotain dift toce of ile baMs 
dependant on ^ Itrengtfa of die eiedncitf^ wiik- 
*iii which deftfeiparks will pafs ^i'dm the "pdint: 
but if its courfe be in the c^trarf diiB^^d^^ilp 
fpatk wiirbe Veen, nhiefs die^ ballad be attli^in 

.V contaft, arid the poimwiUbet?ppkiwi&-^^8Wc 
light. ' • 
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' X' cWHOVCrtrOlC -NBAR *TH£ BL-aCf RiFJBD HIAMB 
* CONDUCTOR ; ANO OF CHAK«iVG . AND 

IF*;ka infiiktt^ condxu5i:or> frpe /mm points^ be o 
' (jrotightrv^iQ a certain.diitance of th^. prime 

.ijjndufihor ,or q^Undcr in ^n eleftrji.c ftatc, it will 
i^Q lexhibit iigjQ^ of ele£trici^ qf thc^ fa^me kind ; 

. Uut if t{iQfc figns be rcoiovccj, by takii^ the ypark, 
aa4 the! icoadu^r ukeu from the |primjp confiuc-- 
IQ^-j it wili cx^bit figns ,of d?^ contrary elec- 
tri^ty^ This is a very ceimrjl^s^^ie appearance, 
but may be accounted for, if two fvjppofitions be 

t. adfnitt£dy . viz^ Jirfl;^ that th^ ekftric matter is at- 
tr(kSl;ed by CQiidu&ing bodies ^ and fecondly, .that 
the pjurti of the cjeftric matter mutually repel eath 
other, the forces of each power being in a certain . 
inverted ratio of the diftance. 

m 

For the eledtric matter, in an infulated and uni- P 
form condu<5tor, will then be equally diffufed^ 
dirough its whole mafs, and the attraction which, 
that conduftor will exert on any mafs of eleftric i 
matter prefented from without, muft be the exceft; 
of the attraftive force of the body over the repul- 
iive force of the eledlricity it contains. Whence 
a given conduftor will attraiS the ekftiic matter 
- /¥#4- M. Y the 
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:J2«: %tECtRlC AW*EARAUC?SL PRODUCED 

the moft powerfaiUy when the quantity it alreadjr 
poflcffes is the leaft pofTible, and its attraftive. 
force will dccreale as it becomes more faturated 
with electricity. Let two equal conduftors, conv 
pofed of like matter^ be brought withia ar fmatl 
di&mcc of each oth^r^ thei^ if . the qii^tities 
erf" cledtricity. they contain, are equal> the attrac- 
tions they mutually e^ert;0(» thoie quant^ies will 
be equal, and it. will remain undifturhed in each 
' body.^ But if one condador^* a, contain more elec- 
tricity ' than the other, b, the attra£five power of 
B will hb gre'ateiil, a Ad ^ill draw the eledric 

^ niatter from A till ^ eqinfibrium is. obtained. It 
follows alies that in a iiunii)er of condu&iisg bodies^. 
cbmmumc'ating'Witk each other^ the eleftric mat- 
ter will be every >¥herc of the feme denfity, if the 
greateft attraftive fwce of the bodies be.fuppofed 
equal ; hat if different bodies be fuppofed to at- 
tract the eleftric matter with different forces, as 
is' moft probablc> the denfities mcft yary with the 
forces^ Thk may ' be called the nattiral Hate. 

Ji • To apply this to the particular inftance above 
recitedy fuppofe the end <^ an infulated conduc- 
' tor to be brought near the prime conductor in, a 
politive ftate, the attradive power of the firffc-meri- 
ti6ned conduftor is greater tijan. that of the prime 
COtidv&Ofy yet, riot^ being fufiicieht to draw Iparks,, 
ar the given diftance, the oiiiy effdift it can pro- 
Qxitt'*i^; to make the eleftric matter accumulate, 
and become more denfe in that part of the prime 

- ooiidudtor near which it is pref^nted j by which 
- * * ^ '" accymuUtion 

^ ev »- ' • 
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ii^^mulatioii the reft df the pfiirie conduiStor be-* 
i^mes lefs clcftrifted, as expcrieftcc tfeftifies; Thia 
^wrmilnted {jbdy of ekftricky repch, and con- 
leq^e^tly wefies die tleAtic matter natural fy con^ 
t^ii^od in that end d£ the cbnduftor^ i^hich is 
pr^ifcctteil ta the prime conduftor 1 the rfeft of the 
^.i|i4 beconies mdm denfe; and the ether parts 
of ih^ condiiftcir which i& prefented^ exhibit figns 
of efe%icity ; yet, a; this condiiftor in the whole 
cgr>^airts no niorc than its riatural qiaantity, if the 
ekftric ilatc be taken offi by drawing the Ipark, 
Itfid it be afterwards removed front the vicinity of 
the prime coridiiftdr,. it becqiiies negative through- • 
mt, by reaibn of the Jbfs clf the ^a^k. If a con- s 
duftoir be preien^ed' tb the prime condudior in a 
negative ftatC} the eflfe<^ ar^ reverfed , the at- 
traftion . being ftrohgeft at thfe prime conduc-' 
tQr>'andthe aecumulatiort being In the xonduc- 
tor lyhich is prdfentsad, 4t Exhibits a negative 
ftatCj whidh being deflaroyed, tipon w^moval it Be- 
^Qtms pofitive^ by neaibn ^f the fpark which was 
given tQ it when apparendy ncgs^ve; ' 

Tjifife ,effefts are more confider^bfe the lefs the t 
diiSbartge i? bctwten.thc two condfuftorg j and the 
iot^jFcedonl ekftric body is peculiarly affe^ed: 
the nianher of which may be better tM\4erftood, 
by bbferving the pheiiomeha of noh-eleftrics, fe- 
pfrafledby dearies whiohdf*e>le& liable to allow 
the padSing a£ thelp'ack than the air is. 

Upon an infblated hi^izontal plate of metal^ u 
i^ ^ piate iof glafSy coniidera^ly larger^ fo that 

Y a ther^ 
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there may be a rim of three or* four inches pre- 
^ jefling beypnd the metal on every fide. -Uporf 
the glafs lay another plate of metal, of the fanfic 
fize as the fphncr, fd as ipfltdfely to cover it 
Eleftrify the tipper pi ate> and 'the lower' Will ex- 
hibit figns of eledtricity. . Continue the eleftriza- 
tion, and the lower plate -will emit fparks to to 
uninfulated body for a time, and afterwards ceaife. 
Separate the. plates from the glafs without uninlb*- 
lating them, and the glafe will appear to be pof- 
feffed of the contrary 'e\e£fcricities on the oppo- 
fite fides. That fide which connmunicated with 
• the prime Conductor, dbring tlie eleftrization,^ 
[■ will have ^ like elfedkricity, and" the other the 
contrary, ^afee off the, efeftriiity of the plates of 
rr^etal, and qapefuUy rfpla<ie the glafe oit the 
lower, withoia t deftr oying the ihluladon, ' and alfo 
prpkCf the lijpper pkte with the lame, precaution.* 
Then, with 0f» end «>f /an ihfulated wire, not 
pointed, but kiiobbfd at thd ends, touch one of 
the plites, and bring ttre other end near the^ otHer 
plate: the co;ifequence will be, that a ftrong and 
*^ lotird fp^rk will pafs between it and the wire, the 
eledricity of ihe glrfs Unll be difckaigcd, and idie 
plates and the wire w^fl eschibit few or no figns of 
deftricity.' - • ^ . : - > ^ " " 

V . An ek&ric body^ whofcfurfaces: are thtis |^f- 
i(eflfed p£ the <rQ0ttary cJeftricitieSi is -fiid to^^bc 
- charged. Tte inoculation bf theUower hietaHid 
,^ pla^e aiid of die dii^hargiAg -wire -Is litoi MtiMtft 
^eptfor the pui^ofe S:^^ra^g mferen^^e- 
';:vi ^ ^/'-^ fycaing 



^(pf&ing die ifxmt^r o£ fihvBK« the cfeSi^c pfc^if . 
4f the de&iricity. of the prime cpndudor be ftrong, 
. ^nd tbc gla& .thick, the difchgrge "will often be 
;rp^de. I^y J^ iparJk. from, the, one jawtaliic plate fo 
^theiC^ber, over, the /urfaec of thelglafs w^ichpro- 
: je6ts-on cvfiry fide^i -but if the gjafeplj^-be thiff, 
in >iyhich cafc/at aneqijal intenfityi .itrada)its :of a 
much ^^t<^r. charge, , the difcbarge will he made 
jdi^i^h its ijTubfbnge. ' GUfs, as .thick ast';Qii£ 
eighth of aji.inphjiBfty be^pqnetcated.by. thiy racanS, 
one or more holes being made where t Ac e|ec- 
.tric matter has paffed, jn which h<rfe*/^c:gla.fs isv 
pulverised, and na^y be; picJk:Qd,Q^| with a. pin. . .; 
\ The. greater the furfacc of the g^afe, th^^grsi^ter w 
clmg^ it> will contain^, the fame , intenfky being 
f^pofcd. , But :a' g^ven machwp. will not fuper^. 
i9d9(^fo.fot)i^.ajiele&ncft^^^Q 41 Jarge. plate 
^.ja.%3al| OM : ri^ reafqn erf" w^ich feems tx> : de- 
. i^nd4?ftthj5;C^|fwpt4nt^ of iil»e ttquired in the '^ 
ch^giiig, conjoined igidx t^ di^ent jmagnitudes * 
. ^Ctfte/uxfaces. at whjch the ele^riqity -iscomniu- 
nicated:tQ the air ^. If there wa'e'ni:>:,efc9p!?:of. the 
^ ^edric nnatt^ during. the time. pC -ch^ging;L\jhe 
. iin9j:$ would probably bp as . t:lvB ; . furf ^^^. . of the 
-^^ates, eguAl ,thick|ieflb b^Jng; v^lw^^.;&pppfed ; 
anJ if twp plates were equally charged, the j^S^^e 
, wuldperlmpsbe-likei^ife . ThelS' x 

. Jbeing^pjeijiifed, ; the whole efc^e v^wld be as the 
^m^of . charsiiUQ:> ' ^d the &rfaces of eaeh don- S 
- j^iatly,^ 4;hat4s,.iM^aufe^ the times are as thcfw- 
^ faces, in the dxjpUcate ratip of their furfaces^ ^i- 

Y 3 refily. 
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that ihcreafe \n fizc^ approaches, rd^ijr Md t0R^ 
tinually nearer to the ^ quwtity lt?f Bteftrkity Ifiap- 
|)l]€d by t^ tpachine/ and thit tke itore ;poW6rful 
-imclitnjCi hy/dimini^ing thfe tirtR^. df chsirgk^^ 
will ckiai^ i^her in this mvibrfe ^op'catioA^^ 
ti^<t It imft !:)e confeHed that the ^|)|K)^oi» 
tfk beipg 'accurate*) the prdpmioits &t oi>^ Hekriy 
true, yet thfe way of p6nfidering <he fi^jfeft- may 
fcrvc to indicate the caufes, though ^c«: feiQIjr t^ 
•meafiirt the eflfeft. i . . 

y t^fom «he b^Jjerkhent '(3!24)^ of ftparatihg thfe 
glafs from the ^fftfes rf5rfe6ta> It' is ihewn, that 
f he fu^ns v^ the elefSricity m. cmfc iiarfaoe^ is 
<vS^ fE£uEatsly->or Very nearly cqirttl ito : ihfit jj^fi*: 
x2ieiiC5f*on tfhe.'Otjhcr^ for df it s^i^dthei^o^li^ 
ipl^tes -and ithe. difGhftrgin^ ^wbe; VModid'l bp9^pl^ 
•ftfoi^y po0e{&d of khe pt-edoipiiiiatqQi^ dle^^t^ 

2 Jt a Jib follows, th^ if the tlifcoHy <jf pofitiye .aiKj . 
«^g«tiye eleftpdty bp trucv Weflsric >bodies, :»ftft \ 
x3ontain tfce clcaric matter, for tibe efeiftric Aaitefc. v 
ei*e evkkndy ^ the furfaces^ pf ^the gl#i i*dt- 
yeodem of ;thc inetal, Nbw^ tiiougb.it;m0 
be iinderftopd Hiiftt a .pofitiye f^te nujtyvl>e fffiptrt. 
induced by an.accumufetion of ejledlrj|ci|y. 0pi/€li«:.. ^ 
-Wfeq^, ^jret it is abfqrd to fi^gofe'thi^f rfieJpteet.,. 
trioTtiatter c^n be emK^andiejchaMiiedfe^mthe.r-. 
Other. fide, if k di^ iiqt .^x^||^^;f^, ^^ 

, V cle<5trics, 
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CHAliomc^"OF^»tMTiLirc's* j;^ 

• 

' *l^aric»,'^att}aa^ tHe^ei«aHc mattier,/ but dttttlcc*^ * 
irics^ being to conitruded asi not to admit ir iabiat ' 
dieir Ibbftaiice, as non-eleftrics do, mutt condciife 
it ^on thdi" {utfxtSy and at all times bold a^eat - 
^antkj^ fo oondenfed. And if the quAndty jof ckc-* 
tecity -beahfcrcafed or dimiriifhed'oh q^^ fide, the 
ckfijrkity^ tfife 'other itirface muft be rarfafifed ©c 
eoiidfchfedy in confequenc6 of the diminution - or ' 
Jmreafe^f ^e whole ^ttraftiveforice:of^he»bcKl)IP^ 
The f^ft^afes ' will alfo be mofe x:oiifiderabk the lefi ^ 
thed^aifcei$bet^veenthetwofurface$l(32i^^^ '; 
' •' It is- fi«:^ pdfflble totbarge an eleftfic plate if a 
iddacing aai ckftric ftate fbn'.one of-iiirfhrJkQts^ 
^niesfl Ae pthcr^be-at the' fame thne- fuffkHfRtlf 
jaear^tbt^ui oininfalated noi) die£):ric t^ dJ£uni^^ tfafi 
cciiiitfarf Jtote 'by ' emitting or receiving, tie okfih 
$rir imatter; ^ ' " ^ ' -• - 

i^ d plate ^of glals he. laid updn an ;wniiifuUted; i 
|tla%e df onetal^ the upper iurfaceifeay be reodere^ 
^eS/ic bf 'flri&ion, or by applying an eleftrifie^ 
body fucccfllvely to iks parts. This ele&ricity 
tnstf^t taken ofF by touching the \ipper iuffaw '^ 
•with an lininfulated metallic plate of the fame di- 
meniiions as that upon which ^ giafeis placed, 
but' will^ not be entirely taken ^alf;- becaufe the 
ccMftmtinf cation between the tw> furfaces k this • 
«r^^!fed isp' not pei^f^ft; 'and becaufe the metal 
ciBtmoii^yior^krf rri^hi^^bc brought ifitoac^* ^ 
tfe^^m^^^^t^^^ glafe/ The if^ll qtmntttf ^' 

«*fi*itffi^?^6d^ ^H^a^whick^has beM ^': 

snmi^f^^^yctp^t^^ tJorifaplate^e 

U.r^^^-^h . Y4 of 
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Jit r tat: tiicrx^hikmf* :> 

lad upon the glaf»,:thi4:'ffr5,ftll q^ajltky of eii^d- 
tricity.wdll influence . the /hkt^l, and,- wirb<f>« jttji: 
4^%' dommunicating &e: ^e^nc\ 'W«t[ler, ii^ 
caufe it to exjitbit *a • finfubr ftate (jli). . If 
ttis be taken o^ by drawing )^-fpapk,-^hd'the^ 
met^ tiien rcmovedi fey nienns of th^ glats hanjc^^^ 
it will be found pofiitflfed of thc.co^iariiiyftate dC 
ck&ricitjr, and jfinother fp^rk may He obtained. 
The inctallic plate may: he tBen ftgain\^Bed to 
theforfaccoftheglafeijanii^^ |^r<*:|f%:^aaft r<?^ 
peiatcd,' and' fo on for-^a prodigibus^ i\U9pfe(j|^' of 
^times, without any fenfibfe difiercndcf intl^evcflfc' 
Fofilft electricity at the ftipfecc of tiie'gWs bcft^ 
idmeft in the natural ftate,^ as to ^cOnderil&tio&i 
does- not- difappear ibr a very icMig time, arid ^ 
very near approach of the metal enables it to p«H 
duce the ftfme effeft -as 'would be obtainissd ik a 
' greater - diftijn«e from a ftronger de^rici^ 
{yiiy o).' 'This is madd obvioiisi by. brihgtDg 
the mecjJlic plate near the furface <rf t^e gia6 hbi 
''fore its firft ftrohg electricity is taken offi for die 
fame event is then pcrcriyed at the dift^Ke of 
four, five or fix inches, as • in the lonner eafe ^a 
produced by gontaft. v .: i. 

I ' - The vapors of the atmofpherc are cohiiiiuafly 
attaching thcmfelves to th^ furface of eold-^'glife, 
ahd by that means de||roy-thie-elt^ie«f,]-'®lJ-» 
phar, wax, or refin, being- :ie&fi%eai^«i^ 
fefeihcheii^ele®i*fe^fta<JB-m\3%feJ toigbi^^^^fftkc 
of glafs orwood;) coated over with anyi^$iib(^ilikfi 
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^ of thisoiauiie, may baiBX^ted jl^. fi^ftion^ and wiU 
pr4|duee ele^ripity in ameu|lic j)l4te>^in themaa 
n^ tii,hoive/ defrribcij ^9^ A^^^^F-S^^ ^ If^iPg^ -of 
mmc. Sy cb a, pia^ t9g^tber with iu^inetaly h^ 
been fiao^d the dbe^trcfibDra^^ - ..-j; 

'^^ If the di&liaf g& .of ao. efe&rificd rplatCrbevinac^ 
h^ tbe/paFC$.<)f a lirii^ animal> -a /cpt)iMi9:f^ 

xm^Qh^s^ii For €xair]|)le> if tJie4Dwer^etaUic^p|i|%& 

^ ^P.: uppes fiil^e^' at; ^ inftaixt of ;he^ pm0iim$ 

.suk4iiftjun}y^ l$i^ii}ft If a lai;gex ;g3[^$ .{)1^mI:|& 
jiafejJicitie-p8# fmU^ iQ 4te..i^eafti4f,fff 

.i*«^i«fa«i^ft»fatifn iffiH % duaf ^.a ijiiYfii&t 

sificiefidjC'fefSgig^ Tte-^o^k .frop^ saiquajm i^^IkS' 
s«fsgli6y iwaH-ch^gqd, .wiJl^ inft^ndSikiU.-^ 
^^rcpAJs, dr othdi fmaU ^mmds, Sixi({ViaF^:.|e|t 
«| glafft ii#l depiwe fi naan of .renTadan for atime^^ 
^'}i:iki^hesd'h^ jn^ d?ye circuit jiu'Qugh: 

> Jhas l|B€n » ,f^1in4 . /roR the eLedriiC ^ ihpcfc by . iwif 
of ftcong habits^ but women- ^r4eliC|it6cp9^]^«. 

?Jl!gpa£kJiet^%.W^i rfiatrJ^e,ele#ric IhocHrii-i f 

-|p8K)f.^;^l«l^ria;n(\4W;er ?afcB?ft thfOHg^ tfeic. 

338lf dj|^e4t|J^ t^^ui^s iilggsb'^yopf^ 

siSIIMfil^^inii rijiw 13V0 fa^jiOD tbodw ic Ul' g lo 
io. CHAP. 
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or piafies. Thcfi^ hosvster^ aae dUdaax^sBikdi: .. 
The objeft^sf the phflo&^cv lin gmai^ 
kfi: ft |as3gp qiBumtjr t£«lbiirlaity ,.ixjr fiicatis. /if ifa& ' 
fcdacss of tlcftricsy and it is neithcii iiece&£f ^ 
Bor ooiuveniMt t(» js&j&at plates;. ..He tbertfoie 
a cc^xiii io dat c ^ iiimfelf leidua iufficicat ^mn^cr of 
ft preptred jftrsu Xhefe .are mad&nf vatioii^ &apes - - 
and ni^nitades> faw the ma& xsMot^zre jd»n cy« 
lUndrical gla&zvefiels^ aboiii: .laubiin^bes in dla-^' 
me^er, and fourteea in ivti^ ^ crated wk^^^and 
without) mth ci]fi-4Qil> whicfa is; Ib^ok on ^di gam^ 
water^ pa^^ or ^i(»x> eKOBpmg twa mchet-of the 
rim 4>r edge, viuch :fs left, baitt^ .to ^retwiit the - - 
communicatiotx bet^wen d^ ::b6»iM;iiig6. ^^ l^bwt ' 
feur inches from the bottom^ witjiin, is a laige ' 
Gork> that receives:^ »|liiek.wif€>^ endiag in kfi^ 
ral iw>ifi[9fttipn§i -^fl^ $€w*fer^hc^^^ide7i50CUiogJ9ii^c. 

Whcn 






T6Kt(afit ^kM^(6fm^ daOaWf AiSaMtf, by nkinis 
4K'.^ ^x^tMSti^ <iolcili^* When & jar fiif ^tilih 
itinel4s l#^.icliM%td» it inli <fer^ittr^ii Tpdilta- 
neoufly o««^^'imeMtdd;K^^ and 61dc>^ 
Itewughi tifat({-glifty «4wp«K> Mtabr«he yncoated'< 
fw&ee is 4uif^ ^^ftey ^re more tj^ to ^reak la^ 
mate «ieaks> «ttia become >«fey&. iT-et, there ts i 
'h&oemuit^'^lduil 4 jftr> whtdt has 'dHcharged -if- 
^ <M^%klu)^e> ^ M)t^«fldther 'nmelM^nik 
^ -^^difcfl^rgi tfait)t^k did'-gk|fe, «S the concmy- 

JW j«r '4^ <Mlifide»ble tht^kfteft^ \vttli .a aedk r 
4ite'a t<btti^, ifli^Mchis oemieifted 41 duck nibb 
^ ^rec^ Alt yiixty y99X l^lbtiii a very Vigh 
dfiflKVg^^ aad '{A'oduce much ^^ater effetfts di&n 
|BW&/^of l^e Idft deferi|>t|pii. Hhe ^hai^ing wire 
hfk% infiaMd lopfefy into tke tiAie, "will li^tl out 
^ isn^ting ttie jar, and the charge ^will remain 
^fUC' fdveral ^eeks ^boirt much loft. A jar thus 
l&sM'ged, ftiay be put into the pocket, and applied 
^4T>^y^|yu^ofes that the common jar cannot be 
pfed for. 

Wheh fl ^caicr degree of dkftric force is re- x. 
ff^vteA; iwfger jar s mijft^'be uftd, in which the 
itorm^ 4s/^rf 110 cofrf^lienw/tstti^t is fai^ as re^ ^ 
:|ates^€o cortyeBkilce^' ^ Bue it ik' Kft'^^pcrifive,*^^^ 

and 



.aid (ifCtfly »s .difc^toat; *. llfe;.*2:iwtab«r j^ 

..furface as the lar^.;^' ,ln.ti»»HS»kp a.QQip> 

\iniuucatiQa jqh/I .b<$ /9ifC«ed.l)f»ir^>;^rtbe-(«Mh 
'fi(J|e iMadog^whipli to^.1?c *«i^i>y^fcic»^^tliS9 
. on a ilaod of jn(^;» «|4, aUp. bf$v<siP9,aU.chc4owir 
.OpatiAgs, wWeh ia.' bcft dplte^JSl«JH«l.9f.Wi)S|. 
.Spch a <:oUe6)l(Hi is called a b^tieiy) .ai|d SDI^ j^ 
iChargpd and difdwgcd Uke. a. fiq^ >w. . .; ; , .,; 

H In difchargji^/cl^ical jars;..tb9ie|e^4^ 
•gpc§ in;di5gKSM»fc.qHanoty th^ot^t^e]^^^ 

I du^ors, .and byjdie,.^o^t€jl owjrffc .W.im, fyi 
.chaia-and a wijre» c^oiy^uaicatii^ vi^th. jt^.<^^|^ 
3DM0jjg, be pit^tp(t.P tlv k|iqfe.pf,M<j«l*:i^ 
■greaycqr part of ,^ fhegp wiU. pals, by the.wrise 
and very Ikde by the ^ain, wluch is,.%,WQdie ^Qr 

:■ 4wftorj by rc^ft..5(.:}t&d^co0tiffiy^ti9jtt.jit.<arety 

Jink. . When.t|»p di^fea^. is jp^c, Ijy ..the,<4«ift 

oaiy, fparks are f5?n ; at cyery . lii^i, vt^qh ija 

^ropf-diat the;>{6iiorui^conia£t;^, and as the <^j[b 

• ..ffluftbe ftretphc4-.by,a cwfidetAb^^l^ 
NVthe ^arks cca&l^apjyearion %.dtffiharg^^^^ 

lows thte there Js a-repuyive PQWcr ii| j^i^ 

, by ^Mch th?y^ a« ..prev^Q?^ from, cq^iflg^iftW 

;contft(ft, , ufjl^fe bgrj/ccce, : ^&" Jb*s ij^en iqjbfery^^ 

;the fonner part, of this tre^vUc (i. i^4.i u ^9^ 

• . By: accurate cjq^ieripients it appears^ diac the 
force pf the (jedxic ihock is< weakenedj that is» 
its elSedb arc ^i^^iiujOb^j ^jy ui^i^ a c^oqdufSbor ,of 
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^at' length'" lit -fttateng' the -^cfiki^e. "^Yet, 'a 
^tdftfffltfiiSfefliocfc wasgiVen'-by'the Abbe - 
'•JRSfetfm^'ift pirSbt of HJieTrtncli }Cirig,-to 6ne 
■^bndira aft<r-a?gH^ nwnV «ie Hrft 6? 
^aronwfturiiSaSori %rth' ihe' outer* coatiiigi rfife >cft 
^nii% haA<K m"i ai^tafBhe,'^^the hft toucfr- 
ea' tJieknb» «f Mt iftncr eoatirig.' They were all 
^fltocked'at? th&'faitte* ihftant. ' Dr. Watfon, and' 
nhahy other 'gett^emeri* of tmmcirce in the pltilo- 
fophical world,^ weire at the pairis^ of making ex-' 
pferlilidhts dr the feme Kind^ biit miich more ac- ^ 
'cUtitt.' They Shintiy hf means of 'viire ihlltlatecl p 
oh Baked wood, that the deiftric Ihock was trahf- 
rrntted' inftantineoufly tiirough'theiehgth dF i a^yS - 



\; 
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"'r'^'V^hen anyarmtial or'fubftance is to be fotgefted- > 
m theilhodk, " ft is ufiially done by nrK;ans of two- 
chains, oiie of'^^hidi connefts one extremity of 
4he anim'al or fiiBftaricc with the outer coating,* 
4tAi' tht otker being falfehed to, of laid oii, - the 
^oQici extremity, is ii^j^ied to the knbb-of the 'in- 
- her ^oatlj% to ' mike die ^ifcharge. -The smaisi - 
c'cS^^'ftAjftanfie 'thus fbmiin^ a part of the circuit, 
^ettycskhe ^**)6lfc fliock. ^The ftfong (hdck of a R, 
f^bittefySuHlt meit ■<rtreof tik 'feveittitthof an iftcb 
(.^ dMafct*,' anid-^wir^ of left- diaiAeters are Ir^- 

2uently blown away, and diiperfed. Gunpofwdef s 
iafifc <ffit^ by ai dhafgb • ibf , ihr^ie fqiiard feets' 
>-%d^^*irietfi8d^/'«J ptit^into ^i^lil, ¥hd' 'thuifti a 
Hii^^Htet«ilch?ifH^i '^ jtS=nbe'0'ferim,^-afl§?"tHea, 

- - * 

r^?jS:e thefc wires a part of the circuit. ^ Icfs, 
:■ . charge 
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charge-will ienre if iron fflinp be a^b^ wistKih4 
T g!unf>€>wdtr. Spirit of mik,^ etfaer^r or a mkictur^ 
of cocnmon and |nflami|)aUe air> tmy ^ifh be firod 
by the &uik mcam, or even by the fpark fnocn th« 
cendudon Ye^ ^ul^^^ probabk m tfa^ie caie$jf 
that inflaouiutiQa doc^ QOt takie place be^aq;fe t^m^ 
etedttic matter is fircj or ia an igmjted ftate^ but 
becaufe its extreme v^loaxj excitea that i|ite(HiM 
motion which raifcs t^e temperatitfe of bodkf 
(iai,c, d^e). 
. If the hall of a thcrnipmetar be placfd jn a 
ilroog cxirrent of eledricity> t^ <nerc\irf or ^piiic 
will rife many de^r^a *• 

V A ftn>ng ihock givc$ pciarity to finaU ne«Jte$* 
w Eleftricity will pafs by means of non-eleftriC^ 
that are fo fmall a$ to be delayed by it« pafiagej 
as has juft been inftanced in wr^ : the force of 
the explofion in thefe inftances is very confidcraUif j 
and is termed the*lateral force of cleftricity . The 
following is a pxoo( of thi9^ and may be exhibited 
with lefs than a fquare foot of coated glaffi i( 
X well charged. At the glafi^houfe there is ufually 
a great number of folid fticks of gla6i about « 
quarter of an inch diameter j if thefe be examined 
narrowly, feveral of them will be found to be 
tubular for a conliderable length, but the dianoetef 
of the cavity feldom exceeds the ftoodi part of* 
an inch. Sele<5k thefe, and break off the tub^iat 

" . . . ■ ^ 

• FrciH 6"^ to 99 degrees, in ja fmall naercunal tbemUH 
itieten See Nairne's Defcription of his Eledlric^ MacMnc; 
Londoa, 178^. ' >^ 

p^3 
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piKVw^^ mj^r^bfc^filtod wth; cgiickfilrcr by fuck- . 
lag j , care bein^ taken t^t noif^c previiswfly io* 
Aouates iit&l^.and then imitiif^i^k thropigh this 
ImaU thread of q^iickfi^eC) ^icla^vHll iBjR^u^j be 
difplo4ed^ aad will bseak^or iplkt^e tube in a 
Ci«:ious.xnaiu)en :.. --;o*:: nr 

^ If 4 picoe.pfjdie common . d[a^ tube be drawn t 
put- yexf fmftU^ by. me^ of the blow-pipe, and 
then. iiiled j^\^ mercury^. the ihock. will caule 
both the mercury and the tube to difappear in the 
9fp}9f3^j;ij no^ung.bemg feen but fmokeor va« 

An experiment limilar ta thefe may be made z 
YFitli. a^ ^fs-tyb^. filled with water,. Take a fitiali 
glaf%-tuj^,^^l^»fc,|cayit^ i$ about a quarter of an 
iiich in. diai^wrcjr*. fill it wikh water, aud fiop the. 
end with.fqft pomatum: tlvrough the pomatum 
infert two wireS)h t^t, they may almoii touch each 
other, and make theircAd? a partpf the circuit in 
the difchargp ,q£.a iltong ihock, from about two 
feet Iquare of ..qoatedgl^^ the coofequence will 
be, that the water will bedi%erfe.d in tve^ direc- 
tion, and the ^ube blown to* pieces, particularly in 
the middle, near ;he difcpptjinuation of the wire: 
the ends with the wlre$ and porpatum will fome- 
times be found undifturbed. This is a ftriking in- 
ftance of the velocity and force with which the 
eledric matter is moved (r. 40), 

This property, of being charged and difcharged, a 
is not peculiar to glafs, but is common to all other 
eleSrics. ' ^ - . . 

If 
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B • If a thin bottle be cxhatiftcd 6f air %y m^iui 
rfic air-pump, it. wifr receive a «>!^(fcr4bte^feige 
bf* applying mbottoin-^b'*Ae-Hd^4fied'^ihe 
condudor, during whicK time the deftrfc matcer 

'wifl pafe through tfie^acbum between thb hand 
ancF the inner ' furfaee of fliat t>art*of die giafs' 

i which is nearcft the jrime eondu^ton This ap- 
pearance, whofe catrfe^has alreacjy been in fome* 
degree explained ( jt 8 ), is - exceedingly beau- • 
dfiil in die dark, efpecially if the bottle be of a^ 
eonfiderable length. It exaftly refertrjbles thofe 
lights which appear in the northern (ky, and are 

'" balled ftreamcrsr, or the iaurora boredis. If one 
hafid be applied' to tfie part of the bottle whick 
was applied to* the conduftt>r,' while the other re- 
mains at the ncck,^ the ihock will be felt/at which 
inftant the natural ftate* of the inner furfaee is* 
reftofed by 3; flalh, which is- feen pcrvistdkkg die 
vacxium between the two hands. 

c The eleSric Ihock may be given from a plate 
of air, by 'means of two large plates of meld, 
or ' rather boards^ covered- with tinfoil; one of 
"which is to be luQ)ended'to tJifc priine eonduSor, 
and the other placed parsdicr to ^ it on-^n uninfu- 
latcd ftand, at a convenient dHfetnee. Th^e 
^boards may be regarded as the -coatings lof the 
plate of air contained between thfm, and i^ a com- 
munication be formed between- them^ by touching 

** the uninfulatcd board with one hand, • ilnd>"iapjrty- 

^ ing the other hand -to the cohduftoi', the ftMickasiU 

be felt gccordingly. It is *almoft unnetfefliry to 

obferve. 



^bftrV^, tb^C if titf. dk&rici9< bic poirerftii, or ^ 
^.tsliftttce htnmcca dbe pUtn fmall> the charge 
wUi .f^&'&om tbft one t» tbc other ia 9^ j^ark 

'! If we compare thU experiment with what has o 
dreamy .been obferved reading the charging and 
difcha^ing eleftric bodies, it wiU appear that nriofl: 
of the ek^Mc pbeilpimeoa are the coniequences 
of dhe air being charged.. Thus, the f^ime coni^ 
duftor imparts iQi ele^city to the furface of ak 
immedioiely «oncigiiptts, and when the fpark is 
duawxi the dUcbar^ if inade to the non-ele6iTics> 
nain%, the floor and wainicot jc^ the rocwuj which 
'are in froatad; with (be oppofite furface. The 
charge of e)edria has^alseady been ohferved to be 
gr^Mcfj, {z^3fT) the nearei? the furfaces arc to each 
.other i^ thuaj gbfs^eyond half an inch thicknefs 
am foarcdy be charged by our inaehines t in like i 
manner, the difcharge^ • ^t is.to lay^ the ^ark 
fjpom cha aonduidior, will be greater, when a large 
toiQpaiiy ftand about it than at other . times, the 
body of air Di4iiQh is interpafed between the con- 
dud^r and U)§ n^areft uninfolated jtionrcleffarics 
beit% then kfs in- t^hsknefs than at other times. 
- 1^; l6Uoira 0f^ th^ a' large conduAor will give t 
' a^ Tasgar fpark i^n a Itk-g the difcharge. being 
£iom a 'furfkce proportionally greater. And iince 
tjbss-^xfiiuirgs:; amfi£b the ele£bric mat- 

ter, refiding at, or near the furface of cental 
and Utd^/if at all, of that which may be within the 
fubftaneeof the condudtor, it is of no. confequcpce <^ 
Vat. II; Z whether 
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whether the condudor be a folid non- cledkric of 
hollow^ provided the furface be unaltered in form 
and magnitude. Hollow cylinders of copper, or 
tin, or wood, or pafteboard, covered with tinfoil, 
or ftrongly gilt, are the condudors generally in 
ufe. 

H It is a confequence of the air being charged that 
broad non-eledtric furfaces draw large fparks from 
the conduftori for the fparks are the difcharges 
of a large plate of interpofed air. A left fud^^ 
^ will draw a lefs fpark, but becaufe the fame nm- 
chine charges lefs furfaces higher than greater, the 
Ipontaneous difcharge through the body of the elec- 
tric air will be made at a greater diftance of the fur- 
faces, that is to fay, the Iparks will be longer,. 
If the furface of the non-cleftric prefented J^e yet 
lefs, the fparks, for the fame reafon, will be leis, 
and emitted to a ftill greater diftance. And if the 
furface be indefinitely fmall, or, in other words> 
if the non-eleftric be pointed, the fpark may be 
fo fmall as to be invifible, and the diftance to 

I which it can be emitted may be unlimited. The^. 
effeft of pointed bodies feems to depend on cir- 
'cumftances of this nature j but the reafon of the 
difFerfent appearances of the light, on points elec-. 
trifled, pofitively or negatively, ftill remains a diffi- 
cuJty. 
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AN ACCOUNT OF SEVERAL INSTRUMENTS, AND OF 
THE PRODUCING AN ELECTRIC St ATE VflTHOMt 
EVIDENT FRICTION* 

THE condenfer is and inftrument of* the fame k 
kind as the eleftfophonis, but differently 
ufed. For inftead of the interpofed eleftric be- 
ing previoufly charged, it is of great importance 
here, that it Ihould be perfeftly in the natural 
ftate. , In this fituation if the upper conducing 
plate be connefted with a larger body weakly 
electrified, while the lower plate is uninfulated, 
the upper will receive the eleftric ftate, and on " 
being feparatcd or lifted up, will exhibit it with a 
much higher degree of intenfity. So that very 
fmall degrees of eleftricity may be rendered fen- 
fible by this admirable contrivance. 

To explain the caufe of this, it muft be rccol- L 
ledted that the aftion of a neighbouring condgftor' 
(322, r) diminilhes the intenfity of the eleftric 
Aat'e in another condbdlor, more efpecially if the* 
former be uninfiilated. The eleftrifiied infulated 
conductor will therefore admit of a more con-^ 
jSderable degree of eleftrization before its intenfity 
can be rendered equal to what it was when folitary. ' 
Suppofe this done, and the additional conduftor 

'^ ' " ' 7. 2 then 
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dien removed^ and it is evident that the eleftiified 
condu6bor willj by the uniform difibfion of the 
<le£bricity, be left in a higher ftate of eleftrization 
than it would h^ve .acquired by the fanie means 

without the afllftance of the uniafulated conduc* 

»^ ... 

M tgr. The two plates of the condcnfer are ia the^ 
circumitances : the uf^)er receiyes -more eke- 
trkky, becaufe of the vicinity of the lower, and 
ihews a greater intenfity when removed out of 
that vicinity. 

N To accompliih this purpofe, in the nnoft effec- 
tual maimer, it is neceiTary that the inteipofed dec-t 
mc be very thin (323, t) and that the furfaces be 
well adapted to each other. The eie&ric may 
be a coat of vafniih laid on the lower or upper 
plate^ or a thin filk faftened to the furface of the 

o If the eleftricity be ftrong enough to charge 
;: tbeekiftric, the acquifition of the eledtric ftate by 
the metal will be counteraAed on the eJeAr^homs 
priinciple, and the charge will tend greatly to di- 
fturb and falfify the refuks of experiments made 
while it remains. A flight warming of the varnifh, 
either by the fun or any other gentle heat, will 
however 4iffipat€ it. But the beft remedy for 
this, is to ufe fuch an apparatus as will neither 
retain a charge nor lufFer the metallic plate to ob- 
tain a liigher eledbric fta,te than it can carry off on 
its ieparation. 
p -The fagacious inventor has therefore fixbftttutcd 
inftead of the lower or fixed part of the apparatus, 

a piece 
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k piece of dry marble, or marblfe varnlfhed with 
eopal vanish and kept in an oven for a fhort tim*, 
<» very dry wood; Here the vcty thin ftpaitim of 
air between the metal plate and the fubftance it 
fdls on> Ibema «> fupply the place of the ele^rl*, 
and tfie imperfeftly condthfting power of the maf- ' 
ble or the wood, prevents any charge from being 
accumulated. This laft apparatus alio perfonns 
its office better than the other. - 

To ufe this inftrument' the metallic plate Is <i. 
to be laid on rfie marble or varniflied metal, and 
a conneftion formed between the upper plate and 
the body whofe eleftridty is to be examined. 
This conneiftion may remain eight or ten minutes, 
or longer, if the eJeftricity be very weak, and then 
be remove-d. 'The mcft^l phte being lifted up, 
will exhibit figns of eleftricity if the conncded 
bocty were in an eleftric ftate *. " 
' Various inftruments have been contriyed to dJfi- it 
cbver the prefence of eleftricity, together with its 
intenfity and kind. Thefe have been adapted to 
obferve either the attra<flion, or repulfion, or the 
lengtfi ^d figure of the Ipark. ' 

* Tke ,^9ftrop!iQras and condenfer were inyeffted bjt Mr. 
Alexaader Yoltay ProfefTor q£ Experimental Phiiofophy at 
ComOy.&c. This lafl inilrument is honourable to its inven* 
tor, not only on account of the extenfively ufeful purpofes to 
which it has been and may be applied; but likewife becauft 
it was diicev^%dy not cafually^ like moft other eledrical ap^ 
parai!b$^ bat ia cooftquence of fcientiilc dedttdion and £ea« 
foning.Scc Phil. Tranf. Vol. 72, Part 1. or Cavallo's Elec- 
tricity. 

Z 3 Small 
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s Small degrees of clcftricity arc very well fhewn 
by the divergence of two fine hcmpen-threadsy 

T*fufpended together from the condudon If Ikdc 
balls of pith or cork be faftened to the cods of the 
threads, they will ferve to denote ftiU greatt^r in- 
.tenfities, as they will not fo fbon arrive at their 

V utmoft divergence by the mutual repulfion. Fig. 
,167, is a very ufeful ele6trometcr upon this prin- 
ciple. It confifts of an upright ftick of box* 
wood, A B, on one fide of which is affixed a 
graduated femi-circlej d is a ball of pith or cork> 
and is duck upon the end of a fmall rod or radius 
t)f wood, which, by means of a fmali axis at c, is 
moveable in a plane parallel to that of the femi- 
circle. This eleftrometer is fixed upright on the 
prime conduftor; the radius will therefore hang 
j)crpendicularly down when it- is not elexSrified^ 
and according to the intenfity of the.eleflric ftate 

^ given to the conductor, the repuUion muft caufe 
the ball .to afcend. The afccnt will be nuurk^dby 
' the graduatioiis. . , 

V This eledrometer, though very ufeful, has the 
imperfeftion of being lefs fenfible of the changes 
of eledricity when the intenfjty is confiderahte, 
than when the repulfion at ^tfae beginning 4Df the 
fcale a<as at right angles to the radius. It has 
alfo another inconvenience commoh to all ebc- 
trometer3, namely, the want of a ftandard qf -osi- 

m 

ginal \adjufi:ment,. by means of which. all; inftw- 
ments of the kind may incfccaxe .the fitra^-^intrnfey 
in fimilar qircumftance»» . . . : j, . j v(. 

^- Fig. 
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\^ i%. 168-Tepfdents an ele&roimetcr for mea^ w 
fucmg the length of the fpark . a repreients a fec-^ 
' tioft d£ the ^ime^^onduftor $ the woo<ien ftcm b 
b$itkg ixiferted thereim The bent part d is var* 
niihed glafs. Though a wooden collar c palTes 
a wbe that carries a ball of metal £> which majr 
be fet at different diflances as required. . A chain 
naay be hung on the outer part f. . This eledlro* 
meter is phiefly ufeful for fhocks, gfeater or lefs as 
may be required. For this purpofe the knob of 
the jar muft be ia contadt with the prime conduc- 
tor, and a chain from f muft touch the external 
coating, Whea the charge is fufficiently high, 
the explofion will be made through the interval 
between a and e» 

'. Fig. 169, is a very fenfiblc clcftrometcr, well x 
adapted for the obfervation of the prefence and 
quality of either natural or artificial electricity, abc - 
is the brafs cafe containing the inftrument. When 
the par( ab is unfccewed and the eledbrometer taken 
out/ it appears as reprefented in abdc. A glais 
tube c D N M is cemented into the piece a b. The 
upper . part of the tube is ihaped tapering to ^ 
fmall extremity, which is entirely covered with feal- 
^grwax. Into this tapering part a fmall tube of 
glafs is cemented^ the lower extremity being alfo 
edvered with fealing-wax, proje6ts a fmall way 
within the tube c o m n. Into tliis fmaller tube a 
wire is cemented, which, with its under extremity, 
touches a flat piece of ivory h, faftened to the tube 
by means of a cork. The upper extremity of the 

Z 4 » wir$ 



54^ £U&ef&9M«T£]t$. 

wire pfojcft^ about a <)uarcfp of aa ^qh ^i^ 

f^ tub^, md fcrm into ti\c ^rafs^c^ M, Y^f^ 
fopis open at ihe Bottom^ ana T^fH% to de^ofl 
tEe ;^axed pa^t tftSit JWtrtimoi^^ 

fmallcorka at tlicirlowerdidsj w^^byt^ 
^ pSfiorr l&cWs die Jclc^icity^ i h and f h jtfc jTR^ 
(SpS'cf tin-foil ftucito the infi'de of tfce glji% *»#; 
cbntmxmicafihg with* the bi:afs bottom a «, -T^wft 
fcrvc-^ to coflvey thart electricity, whioh^ when Aft 
corks' touch thd'^lais/ is comcQunicated to it ^)|^ 
ifiight^difhirb their free motion. ,_. 

y *^o*^ufe- t^ii inftrument for artificial deArickfa- 
brfng a iGbdy In ah eledric ftate (a ftick of feabng^.: 
w^x^ previoufty rubbed, is as convenirtit a^. ai^J;: 
lisir't;he farafs'c'ap; the corks (321, ql^wiitdf?^: 
verge 'with the fame eledxicity till oni^ of 4i^Ani(^ 
toucHi^ dxe tinibir i m or i k, when they will ^i^^ 
mediately coUapfc Remove the ^lej^ified bo^, 
''fcnd ^t C0|-kS will again diverge with .the xoa^aiy_ 
electricity; In this .Htuation^ fuppofing, iealing^^^ 
wa:jr tb'hav6'i3&n ulea,*a body poflefled c^ j^; 
pofitive electricity feing brought , near the e|ip 
^w21 caijfe the aorks to. diyerge^ ft^ mcfci .but jf;, 
neg^iive. It wih caiife jthem ta approach ne^uer 90^1! 
'eafchotHei^?* -----'\ / •" ' '^ ' '" • "' '- -v. 
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ft ffiat he may convenienily ^?ft-th^ £9^^^.*L*' ^ 
ttry feiatt degree of elcftrigijt ^i$ ^^5)^^*^ ^^ 
^▼erge, -and hs *quj^ity "im gf(;crtaiQcd^ by. 

bHngifi^ ah^ excited fticR bric^^ or oihar- 

de^ic, towards the'cap efV .\ ' , "^.^ *. - - ^ - . 

The ingenious eleftKcian who i$. not provided, a 
MtUh die inffrumehfs here de{cribe.d> may, fupjjly 
dieir place by Contrivances which a knowledge of 
the ^ner^l fafts will eafily indicate. . Strong eke- 
itricitics may be diftinguilhed by the light at the 
esctremities of "pointed bodies, and: for, kfc intenfiit.. 
lies a downy feather may be fufpendcd by a fine 
ttoead of fitk; * This being deftrifi^ed^ by tffinging 
It in contadt with the cylinder or c^dudpr of, .a.. 
macMnte, wSit preferve its eledlric ftate for a con-r. 
fidera^e thtie; during which it will be repeljed . 
by bodies in the fame ftate, and attrafted by all 
others, '^ 

'Wclhall finifh this general account of artifi:^ ,n 
ctil dfcft?icity with pointing out fomc. of the oth^r , 
meah^x)? producing it, which do not, fcen^ refcrabte . 
tcnihe-tifual method of excitation. , y. 

lThe*crcape of vapor pr elaftic ftuid from bodiei.xt 
in' a ftate of cOmbuftion, from water thrown op. , 
h6t coaK;.or^from chemical menftxua in a ftate / 
of efferyefcence, leaves the refidue negatively dec- 
tltrtddr Thefe'^mpoitahjt fads fecip to point at a 
g«ft(J|fal'few'^6f -'efc^icity, 'that may .tend ia future • 
ttf^xplkiii tTi^'phenbrnena in whicH ii^at is latei^ • 
{n7/»r)^^hdta^ichit1>earS a f&iking ^^alpgy K 

♦ The aifcovcry of Sig. Volu, See f ha. TrattT rd, 72. 
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B It appears to be a &ir (kdu^^on /com .thc& 
faft^, that .as bodies take w elcfltrix:itjr when they 
afiume.an elaflic fomi> fathey xnufi: depofit k when 
diiiiy ate a^n condezifed. The ejj^iitnentSj.how- 
<vcr, to afccrtain this have not yet been m^e* • 

% ; ^ Sulphjin melted in.an earthea vpffd, .and placed 
tq cool upon unioAilflted condudb)JlSy i^ ftrongly 
eledtric when taken out^ but is not fo when it has 
. flood to cool upon ekftric fubftqppes. ... 

F. .> .. Sulphur melted in a glafs veflcj acqua^s a ftrcmg 
ekftricity in the circumftan<^s above meneiojuodj 
jwhethejc the veffel be placed on. elfsftrics or not 5 
J>yt ftrofiger in the. former cafe. :: This dedtricity 
; is yet ftronger, if the glafs be coated with metal. 
In the/e cafes the glafs is always pofitiye, and the 
jfulpbiir negative. It is. particularly, r,^niarkablc, 
that; the fulphur acquires no. eled:i;icity till it be- 
gins to cool and contraft, and is the ftrongeft at 

the time of the grcateft contraftion : whereas the 

• . . . 

eleflricity of the glafs is at that .tinie weakeftj, and 

^ is the ftrongeft of ajl when the fulphw ifi Xhaken 

s out before it begins io. CQntfaft^ or, has aQquired 

V any. n^^tiye elQ<aricity *, . - .11. 

Q ,. It ha§ bee» obfervt^> that filfc w i^c^rft^d ftock- 

jngs become/ eleftrkal after . .b^«^' worn fonae 

.hours, more particularly tJieifiiki ag d^e^ aIfo'>a 

beaver fhlrt. woxn between two otther«^ .U a white 

*■ * • ■ . • „ . * •' 

. ^d a bla^k filk ftockjng be worn on jh^ fame . Jeg, 

^iiiey obtain 0ntFary ^ed:ricities.i When » drawn 

off, together, they Ihew\yery„ littlq figps. of velfiP 

■: ♦ Thcfe fadts arq denied by Volta, in Phil. Tranf. vol. 72* 

■ mcitjr. 
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- tricky, but, ujionjfeparatiiig them, each.indicatet 
an efcarical feto lb.fb'ongljr,.that the repcrllion 
inftaoes tliem, io as m exhibit the intire Ihape-iiof 

•riic leg* If the two ftockings be ^owed to gaa^^ 
together, they ftrongly attradl each otheri the ift- 
fliM:i€|n fubfides, and they ftick very clofdy coge-i 

.thcTi in ^ich fituation they retain their efec- 
tric ftate, notwithftandipg the^ approach oi the 
fharpeft metallic point. A lecond reparation ag^a 

exhibits their refpeftive eleftricities as before;' 
^d this may be done feveral times withotit mui^h 

. diminilhing their eleftricities. The elearicity ^^of 
the black ftocking is negative, and of the white 
-pofitivc. 

The tourmalin is a hard gem, either pidl* b 

lucid or op^e, of a red colour, and is bucwg^ 

from die ifland of Ceylon, by the Dutch* It pdf- 

feflfes the property of affuming an eledric ftate if 

heated; one fide of it becoming pofitive, and 

the other negative, If this eledric ftate be takfcn 

: off by contaft^ the ftone wll becomie cleftric as 

. iccc^k; but with thisi difference, that the fide, 

which, during the heating was pofitive, willjiew 

ht toegaiive, and the other fide pofitive, which^ 

t before was negative; But if: thtt eleibtic ttate be 

- ' Xi^V t-aken off, the faoae kind of' electricity . #Hf %e 

:fyatidi tki the f&ane fide during the whole time' bf 

Jtieating a^ >cooiing» i^ither '- fide €>f the' tbur- 

"iftalici' wiU^ become pofitive fcy frift ion, ahdboth 

f ijiiay be made h 4t* the kxm tim<?. ' 



* 

J 



54* AjmuKG sxmiiinm* 

Thefe are die chief properties ef tius raj re- 
markable ftone, which are dib common to the 
Brazil topaz^ and ibme odier gems. Tlxre are 
ietreral important pardculars relative to this and 
every other branch of eledrical knowledge^ lAich 
cannot be enumerated and defcribed^ m an intro^ 
dudory book^ on account of the' great lengdi of 
detail they would require. For thefe^ die ftudent 
muft have recourfe to treatifes written esprcisly 
on this lubjefl:. There are alfo a number of fab- 
cHul and pleafing variations of the common ex- 
periments. Bells are rung by an inftifated clap- 
per, which is alternately attrafted and repelled be- 
tween two bells in oppofitc ftates of ele<3xicity 5 
figures cut in paper are made to dance by the 
attraction and repulfion between two metric 
plates J light mills of pafteboard are ciiven round 
by the current of 3xr from eleftriffcd points, &c. 
&c. particular accounts of all which nriay be had 
in pamphlets, which are frequently fold by the' 
makers of the eleftrical apparatus *. 



tJ. «o4 
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* For a fuller account of clcflrical iifcovcries and' appi- 
ratos, confiilt Prieftlcy*s -Hifbry of'HeArid^;' Adams^'* 
Ethy on Eleftricity ; or CivaUo's Ci^plcte Tfeadi^; - ^ ^ 

2' 1.114 ,iUii JiiJ *0 A-- '• 
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CHAP. VIL 

* * 

•F NATURAl- ELECTRICITY; AND OF THE IDEN- 
TITY OF LIGHTNING AND THE ELECTRIC MAT-^ 
TER. 

THAT eleftricity is no trivial or confined ic 
fubjeft, aiuft appear from what has already^ 
been faid, fince there is no body in nature that is^ 
not a£ted upon by it, either as a conduftor or non- 
conduftor. The importance of the eleftric rnatter 

X .jail..*. 

in the fyftem of the world is more particularly;^^ 
confirmed by obfervations on thofe phenomena 
which take place without the concurrent operatioij 
of man. Of (hefe it will be proper to give fome ) 
account. -^ 

Several fifhes poffefs die property of giving i 
the cleftric ftiock. The torpedo, or numbihg^^ 
fifh, and one or more Ipecies of eels, from Suri- 
nam, if touched by the hand, a rtietal rod, or any 
other conduftor, give a confijderable (hock to the r 
arm, but niay be fafely touched by means -of ti ^ 
ftick of fealing-wax. The fhock depends on the 
wiU of the fifh, and is tranfmitted to a great di- 
itance, fo that if perfons in a fhip happen to dip 
their ^gers or feet in the fea, when the filh is 
fwimming at the diftance of fifteen feet, they are 
♦flTefted by it,. 

. . . J . Many 



jjo WBbtcAL BttcTkftirr. 

jr Many difbnters of the human frame have bem 
cured or relieved by eledbicity. In Al cafes, ex- 
cept thofe called nervous, the cleflric wind fiom 
ft sodden or itietallic pqint, the {park or'gendc 
fhocks may be fafely adminiftered without fear of 
doing harm, if no good effeft ihould be produced. 
This remedy fecms peculiarly applicable to local 
flifbrders, luch as fwellings, contraftions, rheu- 
matic and other pains, palfies, &c. in which it$ 
effefts are very often wonderfully fudden and bene- 
ficial. The fpark or fmall fhocks through the 
pelvis, regulated according to the feelings of the 
patient, are faid to be an infallible cure for the 
foppreflion of the catamenia; and it is certain 
that in many deplorable cafes it has effedted a 
cure. It is generally admitted as a rule in die 
application of eleftricity, that it ought never to 
be {o ib-ong as to be difagreeable to the patient 
in any confiderable degree* 

N But the mofl remarkable appearances of elec- 
tricity, which are viewed with furprife and admi- 
ration by all ranks of people, are thofe which may 
be termed atmofpherical, as for 'the moit piart 
exifting in, or depending on, the ftate of the at- 
niolphcre. Lightning is proved to be an eleAric 
phenomenon, and there is little doubt but the au- 
rora-borcalis, whirlwinds, water-fpouts, arid carthr 
quakes, depend on the lame principle; 

o The refemblance between the^elefitric fpark alid 
li^litmng, is fo obvious, that we find it among the 
carlieft cbfcrvatiorts on the fubjeft-i but the prodf > 

of 



of the important theorem of theSr indentitywafei-ie- m 
fcrved for Dn Franklin; who 'i$ fo j^l^ 'cefc* 
brated for his many difcoveries in . thb: braiich oi 
natural philofophy. He' fjrft obferved. the power 
of uninfulated points, in drawing off the tl^tik 
city from bodies at great diftances, and rhejice inf 
ferred that a pointed metallic bar, if infulated- at 
a confiderable height in the air, would becomfe ' 
eleftrical by communication from the clouds dur-^ 
ing a thundo'-ftorm. He communicated this, 
thought to the public ; and feveral machines, conr 
lifting of infulated iron bars, cre<3:ed perpendicu-? 
lar to the horizon, and pointed at top, were {tt: 
up in different parts of Franceand England. The. p 
firft apparatus that was. favored with a vifit front 
this ethereal matter, w^s that df Monf. Dalibard^^ 
at Marly la .ViUe, about fix leagues from Paris/- 
It. confifted of a bar of the length of forty feet,i 
and was eledrified on the tenth of May i 1752,. foe* 
the fpace of half an hour, during which time the 
longeft fparks it . emitted nnieafured about two r 
inches, : 

Dr. Franklin, after having publifhed >dic me-» jq^ 
thod of verifying his . hypodlefis concerning the 
fam^nefs of eleftricity with the matter of light- . 
ning, was waiting for the ere(Stion of a fpirc.in; 
Philadelphia to carry his views irito execution ; not 
imagining that a pointed. rod of a moderate height .* 
could . 'anfwer: • the ^ piirpofc ; when . it . occurred to 
him, that by nSjeftlis^ of a common kite he" could " 
kiifve /* JKft^i^ a<kl better accefs to the regions of 
♦■ thunder. 
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thiinder^ i^an b]r any ipirc wbatL m u. Fj:iq)inf^ 
therefore a iai^ filk handkeichicf^ and two crob 
fticlcs of aproper lengthy on idiich t0 extend it; 
he took the oppcMtunity of die firft af^oidiiiig 
diunder-ftorm, to walk inro a field, in winch thc« 
was a filed convenient for hia puipofe. But, 
ing the ridicule whdch too commooljr attend 
fuccefsful attempts in fcience^ he coma 
his intended experimOit to nobody but his £11^ 
who aiSifted hioi in raifing the kite. 

The kite being raifcd^ the end of the ftrtng bci* 
ing tied to a filk ftring^ which he held in hishaw^ 
and a fmall key being fattened at the pjaoe of 
junffion^ a confiderable trnic elap&d before dicre 
Was any appearance of its bemg ele£bified» One 
very promifing cktud had paflcd over it witboot 
any efreft; when, at length, juft as he was be* 
ginning to defpair of his contrivance, he c^ifm^ed 
feme looie threads of the heitipen firing to ftand 
ereA, and to avoid one another juft as if they had 
been fuipended on a common conduS:or« Struck 
with this promifing appearance, he immediately 
prefented his knuckle to the key, and, let the 
reader judge of the exquifite pleafure he felt at 
that moment, the difcovery was cotnplar. He 
perceived a very evident eledric jpark. Ot&ers 
fucceeded, even before the ftring wai wtet^ ib' a4 
tQ put the matter paft all difpute ; and when^ tht 
rain had wetted the ftring, he coHefted fh6 ebc* 
tricity very <?opibufly; This hapjpehed in }%mi 
1752, a month after the^eledricians in France had 

verified 



' .^iTJieigraiRi ffaiAfe^AiC^iwlHcM^ made s 

ftiSs^^iB thst ^ mn* m^.^U^^)^^ *^^^^J^ 

are ever known ^ jbelrich us* .,,*;. tr. ...^ 

t&cthod, and bf & jdieap aA^rfgoKiipgty' ^^^^S 
appxratQs/ as f]xii% a |jiolnted iBe^saWtip,rad^hi^t^ 
than any palrtoftiie faiiUdmgt dAct cocEunUnicptio^ * 
linth the grnand^. or rather the n^reft water.' Th^ 
vfkc die ligjhuning is Ture tx> feize upon, preferably 
t)& i3LSkJ jothir ffift of the building^ unlefs it be verj^ 
im^4Rd ext^n^ed, in which cafe mres may ^ 
fct«6led" at each extremity ; by •which • nicans thi? 
dangerous ptmti^hif^Af coodu&ed tp the earth/ 
and diflipat^ wiihout doing any haroi' lo. th^ 
building. ' f . y 

^ Ctadu^Hog rttds are now become: A^cry jcom- u 
mon, - both lo^ tht purpoie 4:)f 4ecuting buildiibgis, 
WBAof-tmimg: db^vations on the ft^ of the air 
tta^f^^hcrt. : The 4ieft. of thofe whkh a2:& intende^l 
fef ^e^ 4a|ce9 purpol^t '^ the following. . O9 tjt^ r 
W^ 9f Mf buildings «4nch wiU be the more coa:^ 
t¥#$nt if it ftaad ypQp an esiinenoe, ere3: a pole * 
4fc$^as a. m» «i.;«ana2s wit^« difficulty* 
iff**^.?!? ,. ... 4 a having . 
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taring tttt tbb..ap ^ >fi:J)i<^^t JM!$¥I:^jM()^ 

l»i(Md TOod, ,%,.Sm Mm^ bfmi^ Ma^ 

▼aed with a tin or cgf^ikW^J^^ %% ^&^ 
fee ohcoc-mfe A Jb«eilii»ct(ir„iv9!dt, (|frqNilM3*!M# 

di&uics.cfiQin ^b.itvljx i^fifi^tj^f^.^i^^^^ 

fiikled, ¥iHl!,^<teArified whcfipvcf; t^.}j|,^ §fif|- 

jol" cork, huiqf to it. bgr thsqad^ of bjf^ ,^, j^n^|; 

comtiKijiaic^tii^ with the oMiduAor^ ^ j^ct^a 
tmi«fol«t^^ tli£i«^;beUs wiU b« in .q^fii^e 
of ele&iciQt i^iqit the coodu^ Js, t^6 
juid if ft;,«lfq)p!e|r . OC) jfioall <^(|t/jlJ^,|^l^ 
by a fak.:*«!^ ^t)y««f Jmn^,^t"^il^^,^^er* 

quently indica|g5|Jj<vfJf^i5^^.Qf,^f co^duAos 

utv of attBO-* 

fphcrical 
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the'libtift, that the l^d*i^tll|!dUihi%?iMi^.pi6 

«ilP^ ^, %Hh0ttt ftrikifil: likffufcwtibci aay 
'ti^p^ tb'Wmd nntr iti 1?h^ 6diiidtiaot>i«6> gmrd 
Hie 1ii>tf{&i&Mlf^c6lxflD:>^rtt tali widibu&faiiAilB 
0r "^dBcenifiiyifidbi betiv^fi -tfne fbttfth ^'iiddi^ 
h^f bl' anl^R iMeft; if it be o^ Hmf. hm findl^r 
If It 19£ brafi 6^ co)p^^ tentiittMing .'t^pmtRb 
jh «'ffiiii^|><^'ibtt« «nu- or iiv<ifeec;Mbdvxfi<titt 
lilpdt'^'tir tU^' btiikfing? ie is cMveiiknt tEEt 
thli ^(^il «e of ^^ or gUt, to' pltTe^ }t> IHuh 
fiftiA^t'^ iry loWfer diltf 6f die'tt»d <W*iMi'¥ 
|>6^»*^ -Bel 'b6nt!hued to ^me ivtiU orrnitiikig 
ivaCcr, brotherwife it fiioidd be Ibnk iever^'Kft 
;into'^'che ^^xMibd, at the diftance of fbme yw^ 
^9m the buildmg. It is of no confeqiioiee'h^ 
maiiy betidfiigs are made In the rod, tiUK^'it is 
'^uth'^betttif tii'fSf^eh it td die OdtfideJ»h«ii»idU: 
inR(|e of* di^ bidMng} Ibr A«fe cdndU^h ht 
1cri<|wn to'iemit fpiUki dmtig dtUnddi^^rftiii ktt- 
witkl^dih^ their Wdtioh in th(!> i^ariif^ 4rHfh 




Tt'lscreaV/^m ttahy iftftahfc<^,^th«Bvtifc<%!ltiivy 
>iiicK we feeil' kf*tfie mafl^Ht^ '^f ffeip^? tod 
Qa the vanes of Ibmc churches during thunder, 

A a & ow^ 
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3,^6 ATMO^P^ERlCAt, JeWCTVCITY. 

owe their origin to the pledtric matter p^lfing 'bf 
means of uninfulajted t)oints. 

z The polarity of the ^ompafs-needles has been 

, known> in feveral inftances* to have been de- 

ftroyed or reverfed by lightning. An effeft whiclv 

as has been ^ obferved, may be produced. l?y tjbc 

cleflfic Ihock from glafs (334, v). 

A If the eledtric^ be defirous of makingr^|p(prfa> 
ments upon the ele£tricity of the atmq&her€|to 
greater exadlnefs^ he mufl: raile a kite, by . i^ei^ 
of a- firing in whiph a fmall y^ire is twifled. Thf 
lower extremity of this line muft be filk^, and;fh/F 
wire tnuft terminate in Ibme metallic conduftor 
of fuch a form as fliall be thought mpft convenieq^j^ 
But it is dangerous to raife it upon the approach of ^ 
thunder-ftorm jj and upon this- occafion the coipqt 
mon apparatus for drawing eleSricity from:tl^5 
clouds .will probabjy anfwer every intraded jguj;* 
pofei , • . . • ' 






'• -r ,' , " ',r * 1 • ^ . ■ ,. ,♦. / " i * ./III 



♦ I ' . » 



V- .. u\f.n>V;I. :^*Aii. ,j:> H" 



^■»^ 



■/ ,' 1-./ 'V-'.. *^' ■''■'' ■H'ti^'X^ ti* 



i'' 



.rw »•• w« 






f 

• 4 



c H A P. yiii. 



* • i I • ' ' ^^ J 1 



t ' 



# 



QPf'tJGHTNIIfG, UND OTHER MfexifOW/' - 






!^*f^ O. know tKat'JigHttiirig and t^^ eleftric mat- B 
i A ter . are the fettle, , is a < gireat '^ft^p ' in ha^ 
iTUtal philofophyi but we muft ftiU' remain igno- 
ftent'cf'thc ckufes oii maiiy of the "appearances 
^ich* actompany lighting, lb long as ouracquaint- 
toce xvith'the properties of. eledkricity is* To very. 
Hhpeif^/ "We kriolv that the clouds are almoff c 
gl*ays elefirrified, fometimes pofitively, and fome- 
tttneSn^jgativciyj but whence, orby what means,* 
they'^ilttjuiVe that^ ftdte; whether by the ^heating d 
lirxo^ng'of the air, upon-flie't'ourmalih^principle; 
^llal^^ftthat may be, or -whether tKc clouds be e 
only the conduftors by which the eleftric matter 
U ponr^yed. through. the air, fix)m' plates in the * 
tarth iM&erc it is rcdundantj to other places where 
there is a: deficiency, cannot eafily be determined. 
Trhe -fiffl: is the oonjefture of the well known' 
Mr* Cmiton^ and: fhe latter is the chief propofi-' 
^oa in the theory of- that great philosopher Sig. 
Beccaria of Turin. It is probable that both cir-* 
(iumftaaces iiiay condiicp to tho effedfc j the heating 
or coolkig of the* air may produce, or rather col- ' 
left, diat elcitricity, . which is fo. great an agent' 
ift ^i^fpherical events,, and its difcharge may be 
L. > :.vw A a 3 efFefted 






<5ftntViliwit*»- ■ - ■•: ,•: ■»;.• • ■'•■■» 5.' -..•r.i,.-. -^ ' •■• -- 

scmQ^hcre by fire or otheiin&» i^ J^.xoftt^fitii. 
, fi^iim^ iwwu:4«r; ^ pq^PfJt : kwwWge flfl the 

<jf ^f^^riqiqr t^ wMa iff ihe ftujd, |U»c, :,iw4 
<»wftaff«^.g«^i:<W %: psrf «^ <|» IJime (346,. s|^ 

b?ff«ng. p«gat»rc (aijuxftk by jmpaffingriffli 

^hffi. ; [ylV ^arlc; cloud. i» .obfemd • to . Afirad< othof 
tf^AJml^iyiWch *?> oqnOfflEaUy iQ«mafeir.4n. m^glur 
ju^g ^,fy)p»iient; dcitfity. j Whai',th?.«WH<* '* 
<h¥S«fQm tP'^ gr«(^.fizc Jc* l9SHNS^;^facrf»|l|(r 

riQr^pj^V»bfWC5y,:D!Wg.the.#jc<^ 
daj-t OpH> ^W pjflJ^pC i«; .tp,«h* flsMwr* ap4^«(,tc^ 

• . .'. obfcrvcd 
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^k«d a fuffckiit extent, tlie lightningf^ft^iietf the 

flSSi^Tio '^itiitdftri i< 9i&t <ifily' ^rMi&bie,^ on '^ 
4dOht<d^'lts'il^ilig itf t#di)i^, 1^ lilslrtv9% 
^iHthi eittiilde^^lkki, thati tfte i!^S»ffidl^A6%iflb 

"iiHiim^^fenty^ tlie metric (kAtt oFm^msii^^wit 
itiiiMdtately lecrtiitea fHim^-rb^ m» 
iitcemnc ftate is nbt ^«M9fe^ 'itf!^ 
liWflf; IT #fe miiy jidge «tt}>eirihM¥ ihe 4Ad!^ 
%ii>ai!iiii"b{t''fWkh >th« doiid Itftif: fi>r th^ fidH 
Q^iJ^ ^'^Wr'Mit }ejl3 efeftrUiedi .aha<^ke«it«er Is 

aing, which Itnkc at difiereitt ^aces, neaifj^"^ 

t»f«vfittU> titti^, '%«« fiAt^ie, 'fiHftifaii';^ and- i^e. 

fH!iie^nid»%ftaf)|»^df Che dbi^a; '*hy ^<Jtiid Ih^ 

TtefBid'64#>0lhei^ ? afiT^-ch^^ idki y«it^iniidi« 

4b '4^a.^}bf':b^m*^% a tHOtSHifi<<iftd^ ik a 
^Uai(hm''ttth^y4l;.'ij^(,^..;yj£^^ igiie i»it%'W^'tlJe 

«i^»i$fS^e(^>filigfi^^H^^'^ otm ciififemj^mm 

WqfeP^iiSriftaiffllft^'bSf-ff-iygiya'' twyfl'(hftjtt,"*r' 

mnikf^ aiUfef IWlihffid»a?ltiaei %ttt *e^ ^- 
«»J>^l>l«-'I«in^!irt4r»i' -.Thtf aiigvilar'fcliftffnce'be-- 

A a 4 tween 
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<M3jPjr > arched . at their upper furffK:)^^i«i^lQr4MJ|r: 

jake^ .place %. the itnoke qf r^,. pr AtanEi .if^. 
jBfj^tqr, el|(f#ri^i|?i]f t)|^ (prn^mn jiWtchlne. jriT . 
i.tiWM^UfF ;»Sy'-t« rtfee .cai}fe^^hl»!::.4ifttHb*it*e. 

fu^ diftwlwi»».h?I!j)eiv? ip the WVW* m4 bi^f; 
ra^jc^ Ijlgk)p5,«^:tlip air, the eqi^i|»riun» sfll hfc; 

ia.^e ?a«WHn of thp .^r-rfiuoafv . Xhis §pa^rg*.!j 
tipi^. ?Cft?Mp<;» for.thf! aufora ,bqr^^, wjgch.jhai 

f?"iffiiWJy. ^ Wio»;Of. dartipg,ftF-.wi^Mtetwgit»t<^ 
tween two opppfite parts qf jh^.heaven^: .,• • -b yd 

^ .|p,ck?f ai]|^,fa|B(\,VffAti«a-, ^c9c^^(«sle^bBicH|jr 

i^;.WCi X^ #01^,,, it njsy fi€* ^*WW^ «hfi-.aifiv 

«^.:0 SW^-aP<^ according -jxyth^co^^^dteift-!. 

{c is obferyable, that ihooting-ftars, feen . at any 
t]m»,'i»'g«nera^^idk ^pit&- Atir <:otirfc' ^he ftaiip , 

w*y; •' -■-•'•• •-■-■-■^ ■■•'■ • ; -■ ■•■''■■■■■:■-.:•,'■ 

••^ * - '■ > 



flUo^' kmaeii^iffldent to* pritstnt il^'iii^ ird^ 

diiaho)fpirkr<}i^!flalh of ilightml^ ^eonfifts ^f ^^Miir 
m iMM bdUs >of .fife^ :ttougii^«Miif' extreme /rdUb^^ . 
jsitf prdetatt ttMn' toithe eye unckfr the &Hn^ txf '^i|l 
Jiiie 4>r Uhefi (i4 a'J9,t)). ' ' »^ ' ^ '^ •' i ^ t' 

The ig/iis-.ftlc«s> w Wli|i\o!kbithc-i;^i$, ^fe '»'> 
Imtiinotis- meteor that feldohi appears inched tMan 
fiit 'feet above dije ground, ft is fbhiAd: dtfeH^ 
AbMie b0^2 and is always in motion^ .varying boiiii 
ill^fi^re'4iid:£ku«tion ih a vary lineei^taih mM4 
ner^. ftj Ifee plainB' infthc'tctritdfy: of^ok^a» 
thq^are:€fP^p3Cody ^ycry:laig^ and gii^ie a light* 
f<)aal>eo-4tMdr; and thei^ are -feme placdsirhete 
op€ mayfbe • almoft fore ofHedt^ Acm every dstitk 
n%ht. It has been conjefhired that theft tuetedh 
Mftfift'df «f]^kunmable air/>v)4(ih'hai&'b6en'kiditted^ *" 
byelearicitf:'' '• - ■ -• ^^i •■ .^i'-» •''' ^--''' • 

: It "^s d^^M^hred of water-l^uti, tliktf t]!e'c6^-^ 
ve»gelict ofiWijfilife and their coiMiiqtient^iMiirfiVfg 
moMOn, ^^4s a'>4*<d{)al 6atife »i prdddcing'U^t ' 
e»ft^(63^, i:>^t*Qt tfiere-are appearkntiy^ ^i&i' 
cmhitdHf^ht <&IvteaByTdppoflhg't3i3t^6' ht'tHp^ 
only fcatife '^ They bften'SraniiUii '^d''pf^feHriy4^-: ^ 
p«a^^g^4H^e Ikirie ^tac^r ^hit2fh of'^^tt^^^ 

dedudions rcfpefting meteors of this kind in the Phil. Trant 

vol. 7^^ '•'.•• ' 



mdttiAnbdmdnA tfsM ^xmn aaii ihinhiiiifc 

j!^tn.|IlK»tioK> atfjtlJifiJOiiiipjMnfuafetn' ii«:i^|Biiltidfy' 
^ bffeiB» n t h » t^Mb a faig ijr cii^lytii l i i i ftwUi Mi 
4iieftdk(Mnpsri<in4<iMir are ifcMbaadUpjM^iBBads^ «i>> 

l^,0$idti^im\\^m^. alike: jaftifaodt '*a&i,v.'Mtifi 
^^It^JMth^Uifik^ coftonH.inJitch die fiulhhi)hiMi% 

ItAtODftMitblc c«it»niAwoe in i«Mr fo£ the Appp^ 
iitkMi«f(di^4 iliDiiie^ cfflftijc^ flieaoiiHiia-'betit. 
iiilin^the dbenttingiianaiibii all£lkft.iir,Aiif ^.tdricJI 
the JiMi^mgon- ptwiuccd^ -nsgr ^bor <Abi cvvnaK 
iuMrniitoJAi^te) eleftriifed fiofticsi! ^ithe Hsrih 

ed ; nkl the deftrificd dn^ of iwimvo to t ni ft ll * 

their, pi^ipal to ih? 4»fchwg« beijw^ffi J^I«lii*i 
, ftfAtite^esa^ j» a.higWy,«|«!aiip i^Nie« .>ocl0M» 

^uendy in dry aod hot countries, which i^dMft 

iW)fcaii«i^, j^^^othffq agp^^ 

attepijed !»y,M.. %> .NUgSS, «fcfin9U«iiwhich(l«jrr 
eve^ .coul4,^asd^olttl W-^ftiflWij iCiJfeftj.^Qminefif' 
opinioib gC^their being occafioned by a fubtemu- 

neous 



MiiUMiillifi'i". <"■» ^^ -flwriffiifl-lf nrrt 

#im1. 'icklom d^» more ii^fcMef thaii »») a c teoW l« % 
Iniildingf/'* Baiilii}uakei af« tiiiNttj^ sccMtipKiii)^ 
}ljr;<|Mint and tiyniej^mes bjr f|ie mtA dfoKMA 
|iBilidah.ao|[ai. AU tbefe^ ai)d oianjr tnorvc^p. 
#MBbftai|oes« ;bi|t d^iaUy the )a)inoft iflft«|ai^ 
IKOiMinedDndff^ihodc, inditce us:9» iook^br 
iimt ttlnfe in^ck^rtdty, the only* po#«r in mtatf^ 
|)Hie>i|ckaofidpiget iO'fen0ble ttwifitna «f :4iiHe''f|| 

jui^'itpmtiQri^i'^ ■ ••• ■■ ,- J>- 

lias given an abridgment of Dr. Siuledjr'ii obfi^L 
tinicioiu-and inferences On this ft4;§e<ft, mtf'has ' 
^nffel^^ewn/ by expertmehc, that tfte eleftric 
llMck: cauieii « vibration finttlar to that ''6(^ 'M) 
n^iiifdike, «^ it paifcs at or iiev the IbH^ 
fiffebdtefc! ■ • ''■■■ --■' ■ '■-■•■:■■' ■•■■ ■•• ■"-• 

'<■ I«!mi^ i)^ )^e eiiferyedf tfu^t ^ kno#Iit^ r 
m Imb^ die fl^pettias' of i3s&A(Atj has B^ 
iu^uit«d>!ifofi the gii^iMr/ pa^, vAMn ■}^- ttft 
half-^^t^^-t^did Hhar if di^VeBcS prdceed'<tt^ 
npidly ai^tbciy'HaVe b«||sh, '!t it^ W ivSpiA^ 

•1. ■M^,i..'t : vj L'- ■.'.>;,'i. , ;v. s.::;-u' '-'> 'jj^uaihtanCe 
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..•cquaiiitancJivWitb'Ahe.iiifl^^ of de&icky^ote 
;ilUi]^:o|t «CQM4>liicn<}aleit€nts^ but likewife on mag-* 
^ncUfmj' vegetntioor mufcular modoi;!, and other 
^appeor^^es^ iav&ich» h is more than probable^ 
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aCHARD^ Mr. his proc^fs for .making crudMes of 

^-^ platina, 129,* * 

Acids^ 158. . . 

Acid^acetouSy 217. " *". 

Acidy aerlaly. 158. .213. 

Acid of ambery 197, 

Acid of ants y 20%^ * . 

Acid of arfeniCy 2*ji. 

Acid if benzoin y'2o(). \ ' ^ ' 

Acid of boraxy 196. 

AcUoffaU 208:* ^ "* ^*' . '• 

Acidoffiuor, orfpar, 194.,^ . 

Acid of lemons ^%0^. *"' -* f^ - . 

Acidy marine, 142. its combinations, i^9& feq^ 

Acid of milky 207. ' * ' 

Add of molybdena^ 282. 

-^«^, nitrous y and its combinations y 180 & feq. 

yfc/^ of phofphorusy 199. 262: 

Acid of prujftan blue y 210. •*"•'* 

Acid flfforrely 204. 

Acidoffugary 202—204. 206. 286. * > 

Acid of fugar of milky 208. 

^f /i tf/* /^r/^r, 213.' ft 

-AiV, vitriolicy ill. combinations i^ enters into, 17^ & 
feq. ^^ ^ 

Acid of wolframy 2%0y 2%x. ^ . «> « 

Jlffinityy chemicaly 137 & feq.doubfe, 144. . ^ ^ *^ 

AggregatioHy 139. ' ' ; 

-Ar, alkaliney 226. ^^ . ' 

y/iV, atmfpbmcaly2q. its fpcQific gravity, 30. preffure, 31^ 
. fcfra<aive power, 49. fyungy ^ apparatus, fbr.cxperii 
menti with, 153, tett for afcertaining its purity, 185, 186* 
^> «*anclcarici3i7, chai^^cd with eleSrig mittcr, 336/ * 

Aii 
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jRr^fixiJU Sec Jcid aeriaL \ i '^' »^'ui?»^\» ^-^^ituA 

MrjjbMT aciJ^ 195. ;^2 j: «.4>ui\\A\^& 

jI^-, infiammahU^ 93. 151. 167. J79. J ' ^ .^wAx^nS 

Air^ maritu acU^ 1 90. .^OJ .}rfi cVA\^^u^,>a 

ifir, miriiUt 1859 x86» 0*"'^ . *JttA\\irt 

Alrjpbojphoru^ 283. . ' " ' \i: V.?Aa 

Jir^pump^ 100 — ill. •• vv^v)ji/;i\a 

^ir, ^/f piVtf/, or di^glffiatitd^ ijdi. iftsib. ^*V^^^^^^ 

Mr^ vitritlU add^ 1 7 2. 1 79. ». ^^^^^$1 

JtUmlfii'f 130. ' '. '\-*.iAWa^ 

Alkalh minirai of martke^ l%t). ttf^-^iiili^ • - -itl 
*, vegetaUi^ 159. 2x8 — 220.^ 
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'J volatilij. 144. i6c. 225t 226. 






^%9 232. of coins, 239. 242. 

Amalgams^ 2fJ. for elediric purpofes^ 307, jd8. 

Ambir^ iq^. its acid, hot Acid of Amher. 

Ammmiiac^ fai^ 144. 225. vitriolic, 174. oitrbd^, 1874 

Amtrndh ^y ti^ are equally hot in all cHm&tes, ^24* 

Antim99iy^ 273, 274* 

Affaratusfor impregnating wator ^tb fixed yeir^ii^^^' tsl^w^^ 

A^a rigia^ 192. . , ..» ..o. C .;.) 

ArdmfpiriU Sec Sfirit^ urdmu^ . :^ : ^..•::Vmv> 

Argandy 286. ,:\i^^, > 

Argillaci0tt tarth. Stc Earthy arjpBaAo$s. . ^ ,.;%r^ ^ 

Arfinicf 270. regulus of, 271. > ^«>vj*l^*^. ** 

4i^ 0/ orts^ 220. of gold by xupellatidn, 13<>» i" . ..^4 .y 

nmofphere^ 28 « feq. its height, 34. 3^. JOi . .» .A ,^ 

AttraltioH^ chinucal^ lyjUk^. .7 ,'..%, JO 

jfyrora hnidis^ 2lSio. > .'v:...^ 

Aufum mnfivum^ 267^ • - ■ - - - ^.c^c^l^ 

.•■'•• • . ^ . .\ .' '?5;iO 
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BMioffiri^ 361. . , ,, .,,,; ;^^^,V, r^ 

iatomitify 32. its application to m^afui^ d^atidii|^*^^<«^|^ 
its rife or fall froit^ ta^xt change of tempe^^r^ .^{||^ 
Oke varying prcffure of thef air, 72, ntorw> *:j3,i\ , ^ .v^ 
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Bathf chemkaU I3^» ^ i— t;^ .^v^Aiui nV 

Battery^ eli^rical^ 332. . :mv:j ^,>V, 3?I1 Vn>v^ ^uV 

Bell^mitalf 254* .jpi ,Vi.v. ^ ^b m- , 

Bergman^ I73« ^--i .T«-*/r .i^x -£0 /v.vv\iiv\i^v,>^\x ^V^v 

BeriMlet^ 183. i^l* opi t^xy*- ^iM^^m , mV 

Bifmuthf 260. V:^e?^^ ^i^ion\m f\>: 

BUickkad. ^w Plumbago. ^^zl ,A■s^^^A<^^^^^^^ 

Black wad, 277. iii - * ^ v.vi.:^ ^^.v 

Billing poinij'jb, 125. I2D, .^^ i i-: K.'-... V/vnxvy ,*^i\ 
Bohgttian phofpborus, 285. ^ :> : , t\ft<A\ 

\Bflri»r, 19s. its aci4* .. W.^*'Wi«/'.ll«r^- *^'Mnm ,i',v^>\\. 

£rajif 253' - -. c» .-.'i-t^.vo' ^ — •— 

Calcareous earth. Sei.&fti, ^m/flBrmx-b: ^ . .o..i . *wV 
Calccs'^'jn^fabf ap^r233* -• I- ^^ ^ .v , , ^^Y^'^jn^ 

Canton* s phojpborusj 285. • ^;^ //s^owi:nV.. 

Caf'4of'fh»ifn»rinn*i:cM^fH%%iiit ;,. .-i-vvi 4\t«.;^\ii<^o>. 
Cafe-hardemng^ 261. ^^ - -^^v^ ua^^j 

Caffius, purple powder ofy 238* ^ , • = : - 1 • 'i(i\ iw'Ai'^V 

Cerujey%J^. chi ^uwn\ 

Chmge^ eU&ricy 324v^ifefeq«* .' - c^^^* .. 2;jgVA.Vv.a;"'t 

C«IIM*tfr, 243, 244. > .ii'.; : :.:i:,.5^^^, i 

4C^^«Zfy 271* 272^ r ' >^' >'< »' ^- A^'i^^.s.mVt 

Coinsj goldf 229* filvcr,242. : .• ^ ;i ^.. .> /- ,;t :V-^^i^ 
£i/tf«rx on beaUd copper, 2ji. o» iwm or Jl^l, 4fei7*a6^^» 

Cmhujlion^ 1^4' 125. ^50. 167. ,; P-iJ^l.W v, ;v.::«i^. 

Compafs^ marwer'sy 56^ 28^. variation of, 2^7. 

ComUnfirofileSfrUiiy^23^^ 

Comdu^or o/ele^iciiy^ ^2. ftk buildings* 35 3* 

£d>/^, 250-1-256. 

Cotrojhe /Mimaiey 246. 

Crawford^Dr. 126. 151* r--/;.:« l^v-i *^^^^*^U^ 

CrudlleSj 129. .; ^.^ia'r;^. o.d .«.,i^^.;^H 

CryflaUization, 1S2. "*'^c "^^W ;. -'^^. 

Cucurbit, I30f . '^•■* .-^^^^^^"^ 
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tyalibard^ Monf. 351.^ 
Deflagration of mtre^ 1 83* 
Hiamond^ 167, t68. 
Dippirtg-needUy 294, 
Dt/iiUationy 130. 
Diving 'belly 92. 
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^arthsy 149, 150. > r. 

£arthy argillaceous, 164. / - * 

Earthy calcareous^ 16 1. - "i 

Earthy magnefiany 164. ' i 

Earthy fonderouSy 162. 

EaribyJiliceouSy 165. . - . 

Earthquakesy 362 — 364. 

JS<7ii ifc /«f^, 226. .. 'i 

Eccho, 66. V 

EU£fricy or non-conduSfory 302- '^ 

Eleffnicityy ifi. 226. obtained by rubbing a tube ofgUfii^ 

30i;its habitudes with bodies, 302^-304* whether. ii & 

matter, 304. obtained by a machine, 305** 306. exeitM 

tion of, 307. pofitive and negative,.' 310- — 313. att»> 

tion and repuHion, 313. afFedted by points, 312. 314—3161 

338. wind caufed by it, 315. fparks crooked, and 

through a vacuum,' 317^ 316^336. with water and front 

low points, 319. 320. the two ek£iricities diftingvifllei 

by an inftrument, 3^0. produced without commufiica-* 

tion. 321. charge of, 324 & fe^. Choek from, 309* OMI^ 

denfed by jars, 330 & feq. aiFe6h the thermometer, 4||p 

gives polarity to needles, 334. condenfed^ 339. ihftrumfM 

to meafure its intenfity, 342 — 344*. obtained wit h«iur^^ 

dent fri&ion, 345 — 347. of iiflxes, 349. nWdiqat^. .f{4^ 

atmofpherical, 350 — 364. - /'^^ 

EleSirometery 342 — 344. . .;•,♦> 

EleSfropboruSy 328. • .. * * ^;r ^ 

ElementSy er firft prineipksy 141. 147. ■- - «•> 

Eliquationy 250, 251, '*^ 

£pfomfaltyl^S. . . •' . ; 
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123,238. 287. 

Ethics mineral^ 2444 
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Tlfflnentatick^ 147. at t. vinous, q^]^ icefouk, Iri^ pmttm 

(aftive, 213. 
Fin engine^ 80. 

Fixed air. See ^^/W tf«V» 
Flowers f chemical^ 131, 

//ttW, defined, i. prcffurc of, 3^ fcq. motion of, x6^22. 

rcfiftancc of, 22. ^ 

Fluidity y its caufe, i. u8. 
jF/««r, 1Q4. its acid. See ^f/V/ (?/ ;7«^. 
F/uxy iphiUf 220, crude, ibid, black, or reducing ilSd* 
Fountains^ 22* 81 • 82. 
Franklin J Dr. 351. . 

/V^^zw^ ;w/>far^, its aftion explained, 123;, 

feezing pointy 75. 15^7. Sec Thermmaefn 

Fulminating gold^ 237. 

Furnaces^ 133 & feq. 

Fu/tMlitj of metals^ altered by mixture, 232» 



Gage fir the air-pump^ 104—- Jo6» 
Galena J 240. 

ixlafs ef Uad^ 249. 
Glauber* sfalt^ 174. 
G^W, 235—239. 252. 
Granulation^ 232. 
j . Gravity^ fpedjic. Set Specific Grhvity. 
Gunpowder^ 183, 

f VoL.n, Bb H^HtlU/t 
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Hallrfi bjpothtjis concerning ibevariatim rftbicmpafii^ ^^fl^" 

Hardnefiy its caufe, 139. 

Harmony^ 69. 

Heat^ ii2^-»i26. methods of applying it, 127. ftriking 

analogy with electricity, 345* 
/£r/t^/r«//W, X58. 173. . .. 

Hepar^ 176. 282. 
Hepatic aiff 282. 

Hydrometer^ 13. •♦• 

Hydrojiaticalin/lrumentj 15, 
Hydroftatics^ 3. ... 
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Jtfr, /Af^r/V, 330— 332. * . 

Jc^ 158. 

Ignti fatuus^ 36 1 • 

Inflammables^ ifO. ' 

Injiammation oi o^ by nitrous acid, 188. of iron with ful- 
phur, 264. of cupreous nitre with tin, 266. of black waJ 
with oil, 277. of various fubftances by cleSricity, 333, 

Ink^ 263. 

Irony 256 — ^264. 
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Kirwan^ Mr, 119. 

Kite^ ekSiricaly 352. 356. 



Lamp^ 286. 
Lava^ 228. 

Leady 247 250. ' 

Leaf gold and fllvery thtir thickntky 232. 

Lemons^ 204. 

Li/if 



I V N- D S "}t.r 



Lf^e, 146. 

Ltghtningj 350 & fcq. 
Litharge^ 236. 249* 

Logarithvusy 37. - ^ 
Longitude^ 299. 
huna cgrma^ 241* 
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Machine^ eU£iricaU 305. 306. 

Magnefta. See Earthy magnefian* " 

Magnetifniy 257. 275^ 288 — 30Q.. 

Manganefe^ 191. 275. 

Marini acid^ See ^aV, marint* 

Mariner's compafs^ 56. 289. 

Miarmor met^illicumyiii* iji* ...-,. 
" Matrix of ores^ 229/ 

Mattras^ 129, " . . 

Melody^ 69. 

Menftruum^ 143, 

Mercurius dukis^ 246. 

Afenury or quiciJUverj 17. 127. 243—247. 

Metallic fubflances^ 170. 231 — 234^. 

Microcofmic falty 200. 275. 

JWiV^, 206. 

Mineralizersy 228; 

Miniumy 248 • 

Mixture^ 142* 

Molybdenoy 2S1. 282. 

Mountains^ their height meafured by the barometer^ 35*^4^* 

their ftrufture, 227. 
• Mundicy lyi, 

Muftcy 67 71. 

N 

Nairne's ik^rical machiney 306, 
NeedUy magnetic y 289. dipping, 291. 

iS^rVr^, 180 183. quadrangular, 187. fixed by cbarpoal, 

219. mercurial, 245. 
Nitrous acid. See ^ai, nitrous. 

' Bb 2 O 0/7f, 



I H, p. Z, 1^ 



Oib^ 285* 986. mflam^d by nitrous uU. s9^4m!Ki'f^3^ 
Oris, 228. aflayed and fmelted, n^. of |8]d;^^|Df^^ 
. 240* of mercury, 243. of lead^ 248- of C^S^V'is^A 4f 
V ifOD,257^ of tiift A. ' •^\ ' •; r' ):V 5'^ •• ' ' 

^ .,^. — > •»-v '■**. v.' 
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Papin's digefter, l\^, :» <'*^^ ^^' 

Paritr's UnSf 162. -c *•' - .-^.^-^Y 

Parting of gold anifilvir^ 9S7* ^ S^ itent^^ttl tfl'ttib« 
, tals, 237. c.. • -.0;, . .."•.'^:^ .,^».-''-.., V. . ^ '' . 

Pewtir^ 268. 
Phlogifton^ 150. 167. 

Pbofpbonu, 170. 197— 200. ^83* of BcSogni^ of Baldwui* 

and of Canton, 284. 28<* 
Phojphorefeena 0/ Min^ 204? ^. ^^ 
Plifler of Paris^ l^^,^^ 
pmina^ 237. 239. 24b. 
Plumbago^ 167. 169. in iron^ :^. 

Plumbum corneum^ 249. . . .' 

Polarity^ 288. 290- 3J4* ' ''^ - 

/'tf/f J, maghetical, ?Q0« - ^ '* 

Ponderous earthy See JSarfb, fonderouu 
Pot-ajb, 218. 
Precipitati fir Je^ ^43, 
*" ipitation^ 143. 
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Pncipitation 

PriejiUy, Du jSS. 363, , , . \ A 

PrincipUsy chemicals 141. 14^9 v. . *^» 

Prufftan bluiy 208. ; ^.\\ u 

/*«!»/>, 79. - '6 

Putrefa£fion, 21 3 

fyriusj J71. 

Pjroph^rus^ 283, 284, . ./ .v): i 
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$ut(ifilvir^ See M^^ury, 
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'low latitudes uncertain/ c^ "'- - wu..w.«uc.as ,, 
Reguluf efarfmU^ 27 1, of aafimbny, 273. ofmanganefe, 

275. of wolfram, 278. aSl^: of Wolybdcna, 382. 
/i*^j»« o»/ marAftW ,/ nirtitns ptrformd in ^uids, xt, 

Jtomain, MonC 09. . , -^ ' ' 'i^\v^'\ 

Ruhi^ of the iUmcml mMnt^ jo& & fea^ ^ - ^ -^ 
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SaUmmmat, 144. See^^jawf^^ ^ '-A^ v.-a-.A'^^c^ 

^ISe'lSJT^' .,7;^78. ^Jt^L^i^o^^-^J 
rine, J92— r-ioA. • "i*"^ ^t. "* ■■^•\- 'i ^Tr 

Salt^ common^ I43. 189. i^i t' r-rv. ^-^ 

Salt, fedative, or acid of hot ax, i(A. ^"- -^ v. i«t.x\^. 

0^7//, microcofmicy 200. *d ^ ' 'V -^^'^ 

Salt of tartar, 219. * -'- ■ •*' • '^^ '*^ '^'''^•^'"^* 

Saturation, 143. ' . ":: ..^ ., «. ...t.W^*^ 

5fA^^Af, 192, 271. '^^^ "^^^-^^^ 

^..1, method of deterniini«>g its depth. ^•^*:-- "*"^^''*- V 

Sealing wax, elearified, 3 j|. *^ ^ 7^^ ' ?'^^^-^. T^* '\: 

^SeUnite, 17^. nitrous, 187. ' ' '^^' ^ ' '^^'^^'^ 

ftVi/^r, 240—242. "• -^^''^''^ 

5w^//, 272. 7-' .•"i''^^'\^;^^>i^ 

Smelting, 229. ^ «^ ^ .i^^n-v^*^"*. 

Smoke, why it afcends, 55. . <^"' ' —^^^^'^'^'^X.*^ 

5^^, 222 — 224. 

^oia fait of, 142. See Marir^e^ or Mineral MaS. 
iyolutton, 143. 

Sorrel, fait of. See Acid of S^rr^il'C^wvs AL .' : - . v V., -C^ 

Sound, 65 71. 

Sfanij^ white, ^469. 
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SfoTy iakoTious and ponderous^ 162* Derbylhire or phofpho- 

refcent, 194. 
Spraiing-trumpit^ 67. 

Sffcijic gravities^ 4. ii— 18* do not follaw the denfities af 

the particles, 139. " . 

.^feculummetaly 255. • . ^ . - - [ 
SpibiTy 273. 

Spirit^ ardent^ 212. 286. jzSy." ' 
Spirit »ffalt. Sec Marine Acid^^ 
Springs y intermitting^ 78. * . .\, . 

iStMy i^o^ 177. 

Starsy Jhootingy 360. 

&«/, 259. _ 

Steam, 83» 

Steam-enginty 83-r*— 89. , • ' / 

Stockings y ele£lricaly 346* - 

SmblimatiMy 131. ^ 

SttUimatey corrsfwey 246* 

£jr^dr^ 201. 211. its acid. See AcidofSugar^ 

Sugar rfleady 250. 

jSy^^r tf milky 207. 

Sulphury 141. 169. 171. 176, 234. dearificd, 346. 

Sytuiusyfaltofy igj. 

«tf^»> 77' 



?^- 



Tir/tfr, 215. alkali of, 219. 
Tiempirature. t See /fif^. 
tempering pf Ste fly 260. 

TJtermometery 73 — 77. iiS, its natural zcro, 11 5. 

by clearicity, 334. 
Ti», 264—268. 
7i^^, 348. 
Torpidoy 349. 
Torricetlian ixptrimenty 31. 

Toudfy magneticy 292 — 294. ^ . V ^. 

Tpurmaliny 347. - . ^iw ^*.> 

7tffo> eleiiricy 301. v < - . ,^:*^> 

Tungftany 297. 280. 
Turbiib mineraly 245. 

r«„7^A,, 50—53. • vr.«««», 
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Vacuum^ luminous^ 2^Z. 336* 

Variation of the compafs^ 2qi """^^'X^Om 

Veins^ metallicy 229. 

Vtrdigris, 252. 

Vermillion^ 244. ' " 

/^<f^<?/j» chemicaly 129 & fcq. 

Vinegar^ 213, 216. 217, 252. Sec iftr/i, ^r^^wj, ' 

Vitrioly 172. 178. dephlogifticated by gold, 237, ': 

Vitriolated tartar y Ij^. 184. 

Volatile bodies^ 128. 

Volcanosy 227. 

^<?//tf, Mr. 341. 

W 

fVady blacky 277. 
/?^^r^r, 148. 157, et paflim. 
JVater-fpmtSy 64. 361. 
Weldings 257. . 

Whirlwindsj 63. 
JVhif per ing gallery y 67. 
White leady 249. 
^^>f, 285, 286. 

^/V//i, Mr. his method of fecuring retorts in the making of 
phofphorus, 132. 

fViil'With'the^wifpy ^l^^* . , 

^iWx, their caule, 55. the different winds enumerated. a«d 

accounted for, 56 65, 

Wine^fpiritof. SeeSpirity ardent. 

JVolJramy 278 281. . . '• ' 
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Zaffrey 272. 

Zeroy naturaly of the thermometer, 118. iio.v 
Z/«if, 272. 273. 
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